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II. 
Introduction 
It is ~ matter of common experience that a sudden advent of hot 
weather resul~a in an imp~ired ability to perfonn work that is easily done 
in cool weather. If the heat wa.ve lasts for several days there is a 
gradual return of ability -t;o work w.i. th little or no discomi'or-b. end one 
has become "acolima"l;ized" -t;o heat. This ~proved performance is the result~ 
not of mere psychological accus"l;omization. bu-t; of certain well defined and 
other. obscure. physiologic adaptations, which will be described. in the 
following section. 
Before dealing w.i.th the complexities of heat acclimatization. en 
understanding of the protective. mechanisms against heat stress is neoes-
se.ry. The ability of man to maintain e. rele.'t>ively constant deep body temp-
erature (37°0.) is one of iihe mos-t; readily observed examples of homeostasis. 
Although the body oen survive cooling w · 24°0. end heating to 44°0., 't>he 
' temperature range for optimal physiological function is much narrower. 
ranging from. approximately 36oc. to 40°0. These narrow limits are main-
te.ined in the £aoe of relatively large ohe.nges in enviromo.ental temperature 
and metabolic heat production. The body can gain be at from en increased 
hea-t; pr eduction end/or from its surroundings when the ambient temperature 
is sufficiently high. I-t; cen lose heat by radiation, convection and oonduc-
tion to its £Nrroundings when skin temperature exceeds environmental tempera-
ture, end by evaporative cooling. When the beat load on the body is increased· 
two "protective" responses oocur very readily. First, there is peripheral 
vasodilatation, with a resulting increased skin blood flow. This increases 
radiation end convection losses, since the heat of metabolism. is more 
quickly taansported to the surface from the interior. I£ the heaii load is 
large, the seoond response - active sweating - takes place. The evapora-
tion of sweat water extracts heat from the body; this is a very effective 
source of heat loss, since each gr~ of water evaporated absorbs o.S78 
Calories at skin tempera illre. With higil.er heat loads the evaporative heat 
loss assumes a proportionately greater role in maintaining body tempera-
ture. Tha-t; this meehan:tsm cen ·"Duffer against en appreciable heat load is 
evident from the fact that acclim8.tized men can walk for four hours a-t; ap-
proximately three miles per hour in en air temperature of 60°0. (R.H. 18%) 
with little total rise in body temperature and with no rise during the 
-las-t; three hours. 
These, iib.en, ere the -two i~die.te "protective' responses to acute 
beat stre as - J;eripheral vasodilatation and aoti ve sweating. Aeclima.tiza-
tion to heat results part~y from increased efficiency of these responses, 
since some of the initial distress o£ mrk in "bhe heat results from hyper-
thermia. However, other parallel or supporting adaptations also occur. 
For example, another source of initial distress is impaired o9.t"clio-vasoular 
function, whieh improves with acclimatization. Although the more dramatic 
signs of hee.-t; adaptation are well known, their interrela"Cionships and un-
derlying mechanisms are still ob soure. The work reported her-e is an at-
tempt to clarify some of these interrelationships end mechanisms. Before 
proceeding further, it may be well to define the ter.m "acclimatization to 
heat" as it will be used throughout "Chis paper. ".A.oolima.tize.tion to heat" 
is a process of adaptation to -work in the heat with lessened subjective 
-
discomfort end increased efficiency. 
Literature Review 
In 1795 Jackson, a physician with many moderh ideas, wrote that 
nrn passing from a cold to a hot climate the first 
thing that occurs --- is the effect produced by 
the simple increase of heat on the human ·frame. 
Expansion of the fluids and consequent fulness of 
the vessels is constantly observed to take plaoe.tt(49). 
At that t~e, it was generally thought that European people could not 
safely perform hard work in the tropics; even European armies operating 
in the tropics employed npersons of colour" to perform hard chores. 
Jackson strongly opposed this practice on the grounds that it made soldiers 
soft and unprepared for rigorous campaigns. He shrewdly stated that 
1lwhile exertions of' a single day have often been harm-
ful --- bad effects from the greatest exertions in the 
hottest weather were extremely rare --- after the cam-
paign.had been cont~ued for a few days.n 
Thus, Jackson described the'effects of heat acclimati~ation. 
Most of the work from JackSon's day to comparatively recent years was 
concerned with studies of per~ons living for long periods in the tropics. 
The emphasis was on long-term deleterious effects rather than on adaptations 
of a beneficial nature (88). Much isolated data were collected and uncon-
trolled comparisons made between blood or urine constituents of' tropical 
inhabitants and established ttnormal" values :for their ethnic counterparts 
living in temperate zones (88). 
During the past 30 years the emphasis.has been on controlled labora-
tory .and field studies of adaptations o:f unacclimatized men abruptly ex-
posed to heat. This approach has been the most fruitful to date. Indeed, 
practically all our present knowledge of the acclimatization process stems 
from these later studies. Attacks on the problem have followed three 
courses, in logical, as well as historical, sequence~ First came studies 
3. 
of single adaptations; e~g., changes in sweat composition and rates, 
cardio-vascular responses, skin and rectal temperatures~ and blood volume. 
Next came attempts to integrate these changes, correlate them with improved 
performance of the individual and establish indices of heat acclimatization. 
By use of these indices attempts were made to characterize the process as 
en anti-by in terms of its re:te and duration and of factors influencing 
these characteristics. Finally, within recent years, experiments have 
bean designed to throw light on underlying mechanisms, particuJ.ar~y on 
the role of the pituitary-adrenal axis. The above summary will serve as 
an outline for the more detailed review that follows. 
In 1933., Dill ~ -el. (28) reported a progressive decline in the con-
centrations of sweat souium and chloride during the first 6 days of a 20-day 
stay in the desert near Boulder City, Nevada. They kept six men on a con-
stant diet and estimated the sweat concentration indirectly from the cal-
culated 24-hour sweat loss and the differences between intake and urinary 
output of Na end 01. The average chloride concentrations fell from 18 mEq./ 
Liter on the first day to 12 mEq.,/.L by iihe sixth day with little change 
thereafter. In later studies, these finding were confirmed by the same 
group, using more refined methods (24,29,27). These findings were also 
confirmed by Mezinesco (67) and by Robinson.!!?_~ (76) in men who were 
acclimatized to heat under laboratory conditions. Mezinesco analyzed 
undiluted sweat and Robinson~~ collected all sweat solutes produced 
. during work in t be l:e at by washing the s ubj ecis with several li tars of 
distilled water. Dill (27) concluded that the decreased sweat chloride 
concentration is a part of the mechanism of acclimatization, and is bene-
ficial to the salt economy and in the improved maintenance of body fluid 
volume and composition. 
4. 
However., ot'):J.er workers have .failed -to confirm. 'this .finding. Lee 
,e-t a.l. (56) and La.dell (53) repor-ted no drop in 'the sweat chloride during 
--
repeated daily exposures 'bo hea-t. Robinson!!~ (75) dem.ons'bra.ted thai:; 
the progressive drop in chloride conoentra.'bion could be prevented by a.de-
qua.te sal-t in-bake. They found that, wi'bh low salt intakes, acclimatization 
to heat was a.ccomp~ied by progressively decreasing swea.'b chloride concen-
'bra'bions during the first 'bhree days. Increasing the salt intake caused 
a. rise in sweat chlorides. When they induced sal'b deficiency in men be-
fore hee:ti exposure., the first exposure was accompanied by sweat chloride 
concen'bra.tions much lower then those observed in men who were not salt-
deficient before initial heat exposure. They concluded -that the fall in 
sweat eoncen'bra'bion is a. result of the development of a chloride deficiency 
due -to excessive loss of salt in 'bhe sweat. These findings were oon.fir.med 
by Weiner end vanHeyningen (94), who found that decreased swea.'b chlorides 
did not occur in the absence of a. negative se.l t balance. It is probable 
'that -the lack of agreemen'b regarding the decrease in sweat chlorides arises 
from. differences in salt balance obtained by different inves'bigators. · Ap-
• 
pa.rently, then, decreased swea'b chloride ooncen'bra.'bion may not be an inevi-
table accompaniment of hea'b acclima-tization. 
The role of changes in sweat rate in acclimatization has been exten-
sively s'budied. Winslow~~ (97) repor'bed that, wi'bh a given stimulus, 
higher sweat ra'bes can be elicited in the summer than in "Winter. Robinson 
~ ~ (75) found tha'b m.en walking a treadmill swea'bed at twice the rate 
in Mississippi as they did in New England. This increase occurred within 
10 days. Taylor, Henschel aud Keys (90) measured both worki.ng and daily 
sweat rates of six men during eight days of heat. The men lived oon'binously 
in a constant temperature chamber maintained at 110-l200F. during the 
5 
1 
v 
day~ ~d 85°F. at night. Work consisted in ~king on a treadmill at 3.25 
mph at a 7.52 grade. They walked fo:o_,.ten minutes and rested ten minutes. 
Eight walking periods were completed every morning and afternoon. They 
found increased working sweat rates - from an average of 798 gm./hour the 
first heat day to 1014 gm.jhour on the eighth day. However~ 24-hour sweat 
losses did not vary much throughout "bhe heat period~ being 6. 63 and 6. 79 
liters on the first and last days respectively. It was noted that over 
50% of' the increased sweat rate took place after maximal ·.improved perform-
anoe and temperature regulation occurred~ and better than half o£ the 
improved perfo:rmance of the men occurred during the f':i.rst three days~ with 
only a 4% increase in gweat rate. The authors concluded that the increased 
working sweat rate is probably not an important part o£ the acclimatization 
mechanism. They felt 't;hat improved cardio-vascular responses were the 
primary readjus-tments (vide infra). MaA.rdle (64) has reported that~ with 
successive exposures to heat~ sweating starts at a lowar rectal temperature 
than previously; this continues from 3-4 days~ after which the sweat rate 
at e. given temperature increases. This is in agreement with the results 
of Taylor~ al. (90 ). Eiehna and eo-v.orkers (32) studied thermal balances 
of three man during acolimatizati~n in a. hot~ dry envirolll!lent (123°F., R.:H. 
15%). They :t'oUXId a total of 10% increase in working sweat rates, and, con-
trary to the interpreta.-:tion of Taylor~~ (90) concluded that the prin ... 
cipal adaptive mechanism of acclimatization referable to improved ther.me.l 
balance was tha increase in sweat rate. 
Although a f'ew workers have failed to find increased working sweat 
rates during heat acclimatization (1.56,78)~ the great majority of reports 
indicate that an increased sweat rate during work probably occurs during 
6. 
the acclimatization proeess. Since evaporation of sweat is the major 
source of l:eat loss at high temperatures, this would seem to be a "bene-
< 
ficia.l" adaptation, although its relative role has yet to be assessed. 
There seems to be little doubt oo:aoerning the changes in rectal and 
skin temperatures that occur with exercise in the heat as acclimatization 
occurs. Dill (27) found a progressively smaller rise in rectal temperature 
with fixed heat loads. Work 'lllib.ioh resulted in a rise of 2.20°0. in the 
winter caused a rise of only 0.80°0. after a month in the desert. Bobinson 
~ !:!.:_ (78) reported an average rectal temperature of l03.3°F. in six men 
at the end of a standard exercise on the first day in a hot room (l04°F., 
R.R. 23%). After acclimatization, the average rectal temperature was 10l.4°F. 
This finding bas been amply confirmed (15,321 90,94). The same general 
agreement exists regarding skin temperatures. Robinson et !:!.:_ (78) measured 
skin temperatures of the back, thigh, back and upper arm in their test sub-
----· 
jects. The averages were 98.4°F. on the first days as compared with 96.3°F. 
after acclimatization had occurred. Again, ample confirmation of these results 
It has been shown that cardio-vascular responses at both work and rest 
improve with continued heat stress. Indeed, the most·dramatio improvements 
of :fUnction in the heat are referable to cardio-vascular adaptations. 
Taylor~~ (loa. cit.) found progressively smaller increases in pulse 
rates while exercising during the first four days of heat exposure, with 
little further fall thereafter. others have confirmed these findings(5,78,94). 
Several of these workers also reported improved stability o£ blood pressure. 
This was evidenced by smaller rises in blood pressure wi"bh exercise (5,90), 
and by progressively smaller changes in both pulse rate and blood pressure 
with change of posture (5,81,90). Scott;~~ (81) measured cardiac out-
puts in six subjects mo lived four to five days in a room kept a-t; 32-33°0. 
The s m je cts wore li "tiiile olo"tihing and apparently perfe.r.m.ed no strenuous 
work. Basal cardiac outputs while reclining were at f'irst increased in 
iiae WS.X'm:l:ih end subsided to "control" levels on later days. The cardiac 
output 'While standing was mnoh lo'W9r than while reclining in the first days. 
In later stages, hOW"ever, -there was li'htl!t effect of posture on the cardiac 
output. These w:>rkers elso observed a progressive increase in max;ime.l 
l 
rate of blood .flaw 'through the fingers as the sUbjects remained in 'bhe 
"warm" room.. 
It is generally felt that muoh of the improv~nt in eardie-vaseular 
response to work mn the hea'b is 'bhe resul'b of an increased blood volume (74). 
Changes in blood volume were re por'bed by Barcroft ~ .!!!..!. (2) during a V0yage 
from England to Peru. They found increases of up to 17% after the ship 
entered tropical latitudes. Maxfield ~d co-workers (63) reported an aver-
age increase of 22.5% in four men from winter to spring. On the other hand, 
Gibson and Ev~s (39) found no ~easone.l variations in blood volume, and 
Forbes !.!_ ~ (36) reported oruy small changes in ten men when transported 
to hot, humid Mississippi from Boston (average increase was f-5% range -6 to 
~12%). Be.zett ~ al. (4), in a much quoted s'budy, exposed a total af five 
subjeots 'bo ali:;ernate periods of "warm" and "cool" living in a constant 
temperai:;ure room. The "warm" conditions were: Dry bulb 32-33°0., Wet bulib 
The subjects lived in this climate for 4-5 days, wearing lit'ble 
clothing and &ppLren'bly performed no strenuous work. The authors fotm.d 
a. 
.. increases in blood volume of 12 - 25% over those found in preceding cool 
e:xposures (23 - 24°C. ). They el.so fo'Qil~ increased total circulating hemo-
globill and plAama proteins, and they concluded that part of the "acclima-
tization" :mechanism is referable to blood volume changes. However, their 
conditions imposed little heat stress, end they did not demonstrate im- . 
proved ability of their subjects to work in the beat. Furthermore, as shall 
be pointed out, mere e:xposure to elevated temperatures confers but little 
acclimatization. Conley a;nd Nickerson (12) confirmed these findings, but 
they, too,. employed only very mild heat stress (sn-a6°F.) with no strenuous 
work. Stein, Elio-b, a:.nd Bader (84), on 1he other hand, found no evidence 
of changed blood volume in three men acclimatized to hard work at 107°F. 
Regarding the behavior of other body fluid compartments, there is 
great conflict distributed among £ew s-budies. Ba.zett 2! ~ (4) measured 
thiocyanate spaces in one exper:iln.ent and found, af'ber five days in the "heat", 
a decrease of one liter at the same time that plasma volume increased one 
lit.er. Forbes et al. (36) reported en average fell ef 11% in the in'tersti-
--
tial fluid of their ten Bostonians during'bheir sojourn in Mississippi. 
However, the variability -wa.s large, re.nging from -34% to +26%. Neither 
Conley end Nickerson nor Stein and. co-?JO r]o,rs found consistent changes in 
the thiocyanate spaces of their subjects., 
At 'bbia point it becomes possible to select certain physiologic "indices" 
of acclimatization, bearing in mind the definition given in the Introduc-
tion ("Acclimatization to heat is a prooess of adaptation to work in the 
heat with lessened subjective discomfort end increased efficiency.")• 
'When aoolinatized, a man can ~rform a given workload in the heat with 
(a) lower pulse rate, (b) lower rectal and skin temperatures, and (o) 
higher sW-eat rate than 'When non-acclimatized. 
Using 'these indices; several workers have characterized this process 
as a physiological e.nti ty. One of the :first and most comprehensive studies 
was that of Bean and :Eichna (5 ). They used 56 healthy soldiers as test 
subjects. The soldiers were :first conditioned to per:for.m :fixed tasks :for 
one week at 760F.; they then performed the same tasks while living contin-
uously in a hot room :for one to three weeks. The room was maintained at 
l20°F. for nine daylight hours and at 90°F. ibr 15 hours. Work consisted 
in walking with a 20-pound pack at the ra-be of 2.5 miles within a 11work 
period" ot 47-50 minutes. Some men walked five sueh periods daily. Other 
men V«)rked. instead, on a bicycle ergometer. Some men did no work during 
the first few dqs in the heat. others were e:xposed to the heat for only 
:four hours .daily. The indices measured were blood pressure, rectal temp-
erature. end heart ra-te, all a'b the eDd of 'the standard werk period. The 
results of their study indicate that heat aoeli:matization possesses the 
follewing ohArs.crteristios: 
1. I-t begins on 'the first dSiY end is well developed by the fourth 
day. 
2. I'b is enhanced by good physieal condition. 
3. It is enhanced by exercise in 'the heat. Mere exposure without 
exercise confers only sligh-t acclimatization. 
4. Short daily exposures 'Wi'bh vcrk can result in appreciable accli-
ma-tization. 
5. The pe. ttern of a.oolima'biza.'bion is the same for short, severe 
exercise as :for lesser work of longer .dura-tion. 
s. Acclimatization is well retained for l-2 weeks. after 'Which it 
11. 
is lost at variable rates. Repeated exposures at intervals of up to one 
month suffice for retention of acclimatization. 
Robinson~~ (78) confirmed many of the above findings, and ob-
served that so% of the total acclimatization attained in twenty-three days 
had occurred within the first seven days• They also noted that as men be-
.eome acclimatized they -work more efficiently in that the energy cost of doing 
work is deoreased until it is no greater ,th8:rJ. t_hat required for the same work 
in a oool envirox:un.ent. This has been confirmed by Stein~~ (84). 
Taylor .!! ~ (91) 11Cited that the acclimatization process is definitely 
impaired by low salt intakes (5.8 gr:n.. daily), but that high intakes (over 
15 gm..) do no'b ellhsnoe the pt"ooess. The men on low salt had higher heart 
rates end rectal temperatures, sweated less and had poorer oardiavascule.r 
adjustments to posture. However, Conn and Johnston (15) were able to main-
te.in fully acclimatized man in salt balance end good oondi tion on. daily in-
takes as low as 5 grams. Their men worked in moist heat and sweated at about 
the same daily rate as did Taylor's (5-9 liters per day). Pitts and co-
workers (72) reported that fully acclimatized men performed sustained 
I 
(6 hours) hard 'WOrk best Yllhen water equivalent to svreat loss was replaced 
hourly. Salt replacement alone had no advantage. In a study of varie11S 
levels of hea'b stress Horvath and Shelly (47) noted that acclimatization at 
high heat loads eon:f'erred complete aoolim.atization 'bo lesser loads and partial 
acolima'bization to higher ones. An interesting reoe~'b observe.'bion was that 
of Stein e'b al. (loo. oit.) that fully e.eolima:bize.d men retained e.oolimati-
-- . 
zation after fourteen days of severe cold exposure(~ hours per day a.t 
The evidence is conclusive# then, that the acclimatization process 
behaves in many ways like a single physiological respoJlse. It can be 
readily characterized in terms of rate, retention~ and degree. Un£ortttn~ 
ately, the physiologic mechanisms underlying this phenomenon are not so 
readily aval. uated. Most of the studies of possible mechanisms have been 
directed at e. single endocrine system - the pituitary-adrenal axis. Indeed, 
this seems a rational point of e:t;tack since the presence o:f an intact "axis" 
seems to be a common denominator in successful respo~e or adaptation to 
all stress situations (43,79). It has been shown, for,·example,. that 
adrenalectomized rats dQ not survive heat stress as well as intact animals(43). 
Most of i;he ;vork and theorizing on the role of the pituitary-adrenal 
system in heat adaptation has been done by J. W. Conn and his group. In 
a series of papers erlending from 1944 through 1950 he has developed the 
theory that the physiologic adjustments characi;eristic of adaptation 
to heat are i;he result of increased secretion o£ adrenocorticotrophic 
hormone (ACTH), leading i;o increased adrenal cortical aoi;ivity (13,14,15, 
16,17 ,.16,19). Their evidence w.i.ll be considered in some dei;ail here sinc·e 
some of the data of the present study will be discussed in terms of this 
theory. 
This group noted that, during acclimatization 1x> hea-t;, there was a 
sharp drop in sodium end chloride concentrations of both sweat and urine, 
accompanied by a negative nitrogen balance. The negative nitrogen balance 
persisted for approxinately 23 days of living in the heat and then re-
turned to equilibrium. They then a&ninistered desoxycorticosterone acetate 
(DCA) to unacclimatized men and observed i;he same fall in Na and Cl con-
centrations, bui; with no negative nitrogen belanoe4> Next, they adminisi;ered 
DCA to men in the pt"Ooess of aocliml:tization, and fotmd an accelerated fe.ll 
in sweat and urine Na end Cl concentrations and an e.m.elioration of the neg-
ative nitrogen balance. Two to tbree dqs after DCA injections were si;opped 
there was a rebound of sweat salt to high eoncEIJltrations. However, after 
a few more days the salt concentration of the sweat began to fall, the 
negative nitrogen balance returned, and the 1_:attern of heat acclimatization 
was resumed.- The au.thor' s interpretation of the above findings was that 
the initial p.ttern of acclimatization - decreased sweat and urine sodiu:in. 
and chloride concentrations and negative nitrQgen balance - is similar to 
metabolic responses to ACTH injeetions. The amelioration of the negative 
nitrogen balance in response to DCA is -"the resurt of the · presi$ed inhib-
itory action of this agent en endogenous release of ACTH. I£ the negative 
nitrogen balance observed during acclimatization was a manifestation of 
increased anterior pituitary activity, then DCA should ameliorate the neg-
ative balance, since it would depress ACTH release. If, now, the decreased 
sweat NaCl ooncentrationwas also due to increased anterior-pituitary activ-
ity, then one would expeot a rebound increase in concentrations after the 
effect of the last DCA injection wore off, since it is knewn that continued 
administration of DCA is followed by, a "residual" depression of anterior 
pi~itary activity for several d~ys. When the anterior pituitar,y recovered 
from its depressed state• the decreased sweat sodium and chloride concen-
trations should reappear. The data described followed the expected patterns. 
Also following this pl.ttern was tbe result of several days' injeoiiion of 
:OOA to a man fully acclimatized and in ni tro~n balance. During the DOA. 
period he showed no discomfort, maintained nitrogen equilibritml. and showed 
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a fall in s~~a~ sodium and chloride. Two days a~er injec~ions s~opped 
he showed dramatic changes in ~he form of dizziness, inability ~o work in 
the heat,- high rectal ~emperature, and vasocons~riction. Swea~ Na and Cl 
concentrations res e ~o pre-e.cclima~ization levels and he aciiually went in~o 
sligh~ positive nitrogen balance (presumably ~bas~ sl'lJlp~oms represent ~he 
period of residual depressi9n of the an~erior pituitary). By~he fourth 
day the swea~ salt concentrations began to decrease again, followed som~­
wha~ later by nega~ive n.i~regen balance, .and the man showed all the. signs 
. of re-acelima~izing ~o heat . (presumably the result of "recovered_. e.n~erior 
pitui~ry function). 
The au~hors adduaed as fur~her evidence for this theory ~he fao~ that 
they were able~ reproduce all ~he metabolic patterns noted during accli• 
matiza~ion by injection of ACTH into subjects living at room tempera~e. 
On the basis of ~he da~a and reasoning described above, Conn se~s forth 
~he theory ~t "in man ~he process -of aoolima~ization to hea~ oonsis~s 
of an increased activity of pitui~aryadrenocor~icotropic hormone and the.~ 
the resulting e.nbanoement of ~he production and libera~ion of adrenal cor-
tical steroids is responsible for bringing about the physiologic adjustments 
characteristic of state of acclimatization. Under the conditions of our 
experiman~s the need for_ the conservation of body salt eonsti tu~es the stim-
ulus which •tires' the mechanism and which raises the level of activity 
of the pituitary-adrenal axis."(l3) 
JA.t least two groups of workers h.a.ve attempted to enhance aoclima~i­
zation by adminis~ration of adrenocortical hormones. Moreira 2! !:!!, ( 69) 
injected adrenocortical extract into men who marched 3.5 hours daily in 
moist heat. They found no effects, beneficial or o~herwise~ on the 
14. 
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subjects• performAnce or sense of comfort. Robinson et al. (76) feund 
--
no improvements in heart rate. body temperature~ or rate of accl~tiza-
tion in men pretreated with DCA. They found decreased sweat sodium. and 
chlol-ides8 but no rebound after DCA injections ceased, contrary to the 
findings of Conn. 
The role of the thyroid in acclimatization to heat has not been in-
tensively studied by medern techniques. 'Most of the work on thyroid activ-
iiy has been directed toward measurements of basal metabolic rates in per-
sons traveling from tEmperate to hot olimates. Various workers have re-
ported reductions of from 6 to 24 percent in hot climates (61.62). Lee (55) 
· has suggested that these lower rates may be due to more complete relaxation 
of the musculature, and cites evidence that training in muscular relaxation 
oan result in basal metabolic rates that are 20 percent below standard values,. 
It is well known that alJim.els killed in the summer have smaller thyroid 
glands than those killed in the winter. Any role of this gland in heat 
acclimatization in man.is obscure. 
Our present state of knowledge of heat acclimatization can be sum.-
me.rized as follows. 'When e.n indi-vidual is abruptly e:xposed to heat, he 
can work only with great difficulty. Tasks vrhich ordinarily are performed 
'With ease are frequently impossibl ~ or completion due to dangerously high 
' body temperature and cardiovascular inadequacy. 'Within several days a given 
task can be performed with little discomfort. This improved abilii;y to 
work in the heat is accomp~ied by several well-defined physiological adap-
tations - the so-called ttindioes« of beat aoolimatization. These are: 
(a) lower skin and rectal temperatures during work; (b) lower heart rate 
during work; (c) increased cardiovascular stability with changing pogture; 
(d) increased gwea~ ra~e during work. and (e) decreased me~bolic cos~ 
for a given ~ask (i.e. • greater efficiency). These changes are always ob-
served ~o accompany ~he improved performance. The process of acclimatiza-
tion can be considered as a physiological en.ti ty passes sing iihe following 
. -.... 
eharac~eris~ics. I~ occurs rapidly (4 ... 7 dqs),; it can be induc$d. by short, 
intermi~en~ exposures; i~ is enbsnced by exercise and good physical condi-
tion; i~ is re~arded by inadequa~e salt andwa~er in~akes; i~ is retained 
during periods of up ~o four weeks of no heat s~ress; aoolimatiza~ion ~o 
a given heat load confers oa.mple~e acclimatiza~ion to lesser loads and 
p~ial aoclima~iza~ion to higher ones. 
Ld.~le is known abou~ ~he mechanisms which cause ~his e.dap~ive process. 
At~emp~s have been made ~o explain i~ in terms of altered pi~itary-adrenal 
aotivit.y, bu~ ~he evidence ~ha~ ~his sys~~ plays a predominan~ role is 
indirec~ end inconclusive. 
16. 
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State.ment of the Proble.m and Experimental Design 
The work reviewed hexe has thrown much light on the indices and char-
acteristics of the heat acclimatization process~ while yielding only vague · 
clues regarding possible mecha.nisms. Of particular interest is the possi- ,;t:'.~, 
bility that shi:f't;s in body fluids - J;B.rticula:rly increases in blood volume -
may play important roles in the improved cardio-vascular responses. The 
evidence in favor of increased blood volume comes from studies of seasonal 
changes and from the work of Bazett and eo-workers. However, in none of 
these studies were men subjected to severe heat stress~ nor was there any 
e,vidence that they were acclimatized to heat by the usual indices. In 
fact, Stein et al. reported no increases in blood volume in their subjects, 
---
althougn all the usual indices of successful acclimatization were present. 
The evidence for changes in other fluid compartments is even more scanty 
and controversial. Much useful information might come from a study of 
body fluid changes in men mo have been demonstrably acoclims:bized to heat 
under rigidly controlled conditions of diet and activity. 
Although a g:reat deal of e:btention has been devoted to changes in sweat 
concentrations of sodium and chloride, there have been no controlled studies 
of simultaneous changes in concentrations of other sweat solutes, e.g., 
potassium and nitrogen. Furthermore~ the role of the kidney in the accli-
matization process has been almost completely neglected in favor of sweat 
studies. Finally~ Conn's theory of the major role of altered pituitary-
adrenal aotivi ty has not been tested by measurement of indices of adrenal 
cortical activity du~ing adaptation to heat. 
The foregoing considerations provide the rationale for the work reported 
here. The problem of the present study may be stated as a series of ques-
tionst (1) What changes in body water distribution, if any, accompany heat 
acclimatization? (2) What are the mechanisms underlying any observed fluid" 
shifts? (3) Can support for Conn's theory be obtained in the fo:rm. of 
altered indices of adrenocortical activity during the acclimatiza:bion 
process? 
With these questions in mind, the following general experimental de-
sign was useda* Five healthy young soldiers were acclimatized to heat by 
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liVing continuously for 14 days in a constant tempe:r:ature chamber mAintained 
a-t 120°F. (R.H. 28%) :fb r -twelve daytime hours, and at lOOOF. for twelve nigh-t. 
hours. They walked two hours daily at four miles per hour. The heat period 
was preceded by three weeks of' control at 76°F.,-duringwhich physical con-
di tioning occurred and baseline physiological measurements ware made. Af-
ter 'the heat period the men were studied during two weeks of "recoveey• a-t 
76°F. 
Total body water, "extracellular fluid", and plasma volumes were de-
te:rm.ined from the volumes of distribution of' antipyrine, thiocyanate, and 
Evans Blue Dye, T-1824, respectively. Adrenal cortioal.activitywas assessed 
by measurement of circulating eosinophile, daily 17-ketosteroid excretion, 
and the ratio of sodium to potassium in the sweat. Starting with the last 
nine days of the control period and extending to the end of' the recovery 
period, daily metabolic balances were measured f'or nitrogen, phosphorus, 
potassium, sodium, chloride, and water. These balances were calculated 
from direct chemical analyses of food, sweat, urine, and feces. During _______ .,. ______ _ 
*Only -the broad outlines are presented here. Details are given in the 
section of' "materiels and Methodsu. 
the heat period the men drank water as 0.2% saline. They drank!! least 
enough to replace sweE<t losses, as determined by daily weighings. The 
£allowing indices o£ heat acclimatization were measured during exercise: 
heart rate, rectal temperature, ~d sweat rate. 
This experimental ·design has the ·following advantages. It mini-
mizes the effect of dehydration and salt deficiency as contributory fac-
tors, per sa, to the results obtained. It ensures a severe 24-hour heat 
stress, with controlled diet and activity. The :measurement of indices of 
acclimatization makes it unneoessar,r to assume that the process has 9ccurred, 
thus permitting readier interpretation of results in terms of the acclima-
tization process. The measurement of nitrogen and electrolyte balances 
permits closer interpretation of any ~luid shifts in the body; it also 
allows better dissection of the relative roles of sweat and renal adapta-
tions in the aoclimatizati on p:ro cess. 
lQ 
Me:berials and Methods 
The experiment was perfor;med in a. constant temperature ebemher at 
the Que.rterma.ster Climatic Research Laboratory, Lawrence,. Mass., during 
the period from .JApril 21 to June 6, 1952. 
The Test Subjects: 
Five healt~, young soldiers served as test subjects. They had been 
stationed in Lawrence far at least six months, and none had been exposed 
to any heat stress for at least three months. Medical histories and 
e:mminations revealed no abnormalities.. Table I lists descriptive de-
tails of the subjects. 
E:x:pe rime xxtal Oondi ti ons a 
The study was divided into three periods: Control (21 days), Reat 
(14 days), and Recovery (12 days). The men lived in the constant tempera-
ture chamber continuously throughout all periods, leaving it only for 
daily ablutions (less than 45 minutes per day). Daily exercise consisted 
in four half-hour periods of walking at four miles per hour on a motor-
driven treadmill, two periods in the morning and two in the afternoon. 
When not walking,. the men were sedentary, e.g., reading, watching tele-
vision, etc. Daily activities were identical throughout all experimental 
periods except for days when body fluid compartments were measured. 
Table II depicts the protocol for a typical day. 
During the con-trol and recovery periods 'the cbam.ber temperature was 
main-tained a'ti 75-77°F. (R.R. 45%). Chamber 'tempera-ture during 'the Reaii 
period was kepii a'ti 120°F. (R.R. 28%) for twelve hours (7t00 A.M.-"1 100 P.M.) 
and dropped to 100°F. for the remaining twelve hours each day. The first 
TABLE I 
VITAL STATISTICS AND BODY MEASUREMENTS OF TEST SUBJECTS 
Subject Age Height Weight Surfa.ee Percent Fat Lean Body Mass 
. Area. 
yrs. om • Kg. 'M.2 Kg. 
Li 20.2 . 183 73.61 1.95 3.9 70.78 
BA 20.2 163 67.26 1.70 10.5 60.22" 
Mo 22.0 164 61.64 t 1.66 7.9 56.77 
Ni 22.5 165 53.53 1.57 5.9 50e36 
' He 23.0 160 56.97 1.57 9.9 61.31 
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TABLE II 
SAMPLE PROTOCOL OF DAILY ACTIVITIES 
Time Procedures 
0700 Awaken test subjects. Take rectal temperatures. 
Weigh test subjects. Draw blood on scheduled days. 
0715 - 0745 Morning ablutions 
0745 - 0830 Breakfast 
0900 
-
1100 Walk treadmill at 4 mph. in pairs and trios. 
30.minutes on~ 30 minutes of£. Each man walks a total 
of 60 minutes. Measure rectal temperatures and weights 
before and after first walking periode Collect sweat 
during second walking period and measure pulse rate at 
end of this period. 
1145 - 1230 Lunch 
1230 - 1400 Collect resting sweat samples 
l20°F. 
(during heat period) at 
1400 - 1600 Walk treadmill as before. No measurements. 
1645 - 1730 Supper 
1800 - 1900 Showers (during heat period). Each man allowed maximum 
of 20 minutes out of constant temperature room. 
2000 - 2200 Collect resting sweat s~ple (l00°F.) during heat period. 
Movies 
2300 Retire 
week of control period was devo:t;ed to conditioning the test subjects to 
the workload and to attaining a state of equilibrium regarding diet, which 
consisted of Army O-Rations. 
Measurement ofMetabolio Balancest 
Metabolic balances for nitrogen, phosphorus, potassium, sodium, chloride, 
and water were calculated during the last nine days of i;he control period 
and during -tire entire heat and recovery periods. The 0-Rntions used were 
all from a single :packing lot; each component of three randomly selected 
cases was analyzed for all balance substances. A complete inventory was 
kept of items and weights of portions served and of those uneaten at each 
meal.· Intakes were calculated from the known weight and composition of 
food actually eaten. Aliquots of urine and feces were analyzed and, 
during the heaii period, three sweat samples were collected daily for chem-
ical analysis. Each sweat sample represeniied a. different type of daily 
activity: (a.) walking at 120°Fe, (b) sedentary at 120°F., and (c) sedentary 
at 100°F. Urine was collected on a. 24-hotir basis; feces were colleciied in 
three-day periods, separation being attained by administration of carmine 
capsules at the beginning and end of each period. 
Balances were calculated on a. daily basis from the following formula.: 
Balance = intake - output 
when ouiipui; = urinary loss + fecal loss + skin loss. Daily·fecal loss was 
assumed to be one-third of the corresponding total three-day loss. Skin 
loss during control and re covary periods, when little active sweating oc-
curred, was estimated from iihe data of Mitchell and Hamil ton ( 68) and 
from calculated 24-hour active ~eat raiie. During the heat period sweat 
loss of' solutes was estimated f'rom calculated daily sweat rates and anal-
yses of sweat samples. Deily sweat rates were calculated f'rom daily weight 
changess corrected for the weight of' food and fluid ingested .. the weight 
of' urine and feces excreted, 8nd for respiratory water loss. The f'ollowing 
for.mula was used: 
Sweat Rate = Weight of' food + weight of ingested fluid - (urine weight ~ 
fecal weight + respiratory water loss) - 4 body weight. 
The daily sweat loss was apportione~ among the various sweating conditions 
by measure:oe nt of walking and sedentary sweat rates at 120°F.; the differ-
ence between the 24-hour total and the sum of' these was considered to be 
the asweat rate during the l2 hours at l00°F. · Respiratory water loss was 
similarly obtained by measuring ventilation rates and calculating the 
expired water .. assuming that expired air is compltJtely saturated with water 
vapor at body temperature. 
Portable camnodes were set up in the chamber .. and f'eoes were collected 
directly in polyethylene bags nested in large cans. Eaoh bag was immedi-
ately labeled and stored in a deep freeze. Daily urine collections were 
:made in gallon jugs to whioh one ml. concentrated 'H2S04 had been added as 
e. preservative. Urines were analyzed for creatinine as a ohaok on complete-
ness of' collection; urine volumes were recorded immediately after each colw 
lection period .. and aliquots for analysis were stored in the frozen state 
in polystyrene bottles. Sweat was collected from an ar.m enclosed in a 
loose-fitting polyethylene bag which was fastened at the axilla. SWeat 
was immediately filtered through pyrex glass wool into polystyrene bottles 
containing small amounts of' toluene, a:cd frozen until analyzed. 
Water wa.s permitted ad libitum during the oontrol and recovery periods. 
During tm heat period, all drinking ttwa.tern was: inihe form of 0.2% NaCl. 
In an attempt to prevent progressive dehydration and salt depletion, the 
weights of the subjects immediately prior to enbering the heat were desig-
. . 
nated as tt standard weigb.tsn • ·The sub-jects were then required to drink 
enough saline to repla.oe the difference between the "standard" and subse-
quent morning weights. They were elso required to replace sweat losses 
after each exercise period and i:mmediately before retiring at 11:00 P.M. 
In addition, they were encouraged to drink freely throughout the day. 
Accurate records were kept of' all fluid intakes. 
as. 
The test subjects wore fatigues during the control and recovery periods 1 
and only shorts and f'ootgea.r during the heat period. 
Measurement of' Body Fluid Compa.rtm.entst 
Antipyrine uspacett wa.s measured by the method o.f Soberman ~ ~ (83 ), 
thiocyanate u space" by the method of Crandall and Anderson (23), and plasma. 
volume by means of the dye, T-1824, as recommended by Gregerson (41}. All 
threettspaoes" were measured simultaneously by a. single injection of 20 ml. 
of' a solution containing a. total of 1000 mg. Antipyrine, 300 mg. NaSCN, 
and 15 mg. T-1824.* The use of this solution was suggested by Dr. A. 
Henschel ( 44 ). All measurements were made at the same time of' day with 
the subjects fasting and reclining nude at S5°F. . They were awakened at 
7 :oo A.M., weighed vd th an empty bladder, and dra:ck 200 ml. H20, after 
which they returned to their beds. After approximately one hour a. control 
____ .. _,. ........ ...:a __ 
*Thanks are extended to Dr. Richard s. Griffith of' Eli Lilly Co.~ Indianap-
olis, Indiana. for a generous supply of' sterile ampoules of' this solution. 
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sample o£ blood was drawn without stasis into a heparinized syringe. Bema-
tocrit~ hem.oglobin~ and plasma proteins were measured in this sample in· 
addition to blanks £or antipyrine~ thiocyanate~ and T-1824. Twenty ml. 
of the triple solution was injected through the same needle from a calibrated 
llyringe; the injection took two minutes to complete. The syringe was 
flushed twice with the subject's blood to ensure complete delivery. Ten 
minutes after the midpoint of the injection period~ blood was taken from 
the opposite arm for T-1824 determination. Further samples were drawn at 
two, three~ four ~d five hours for antipyrine analysis; the two-hour sample 
we.s also analyzed for thiocyanate. The plasma concentrations of antipyrine 
were plotted semi-logarithmically a@ainst time~ and a straight line was 
fitted through the points by the method of least squares. The 11 yl1 inter-
capt was taken as the concentration that would have resulted had instantan'-
eous mixing oocurred with all the available body water. 
The body water compartments were calculated from the .followi.ng 
formulaet 
uPlasma Volume" : T-1824 injected (mg.) 
Plasma Cone. (mg:lml) at 10 minutes 
"Blood Volume" = Plasma Volume 
1 - Hematocrit 
nExtracellular Fluid" = NaSON injected (mg) 
Plasma Water Cone. (mg/ml) at 2 hours 
"Total Body Water =Antipyrine injected (mg) 
·Plasma Water Cone. (mg/ml) at zero time 
The terms ttPlasma Volume", "Extracellular Fluid"~ and 11 Total Body 
Wateru are used advisedly With the realization that the spaces measured 
are probably only approximations. 
A protocol of e. typical body water day is shown in Table In. 
These measurements were made three times during the Control period, on the 
tif'tih and fourteenth de.y of the Heat Period and once (two subjects) or 
twice (three subjects) during the Recovery period (days 7 and 11). 
other E:xger.i. :nente.l Procedures: 
Bamatocrit1 ~oglobin and plasma protein concentrations were measured 
e;t; frequent intervals on fasting, morning blood samples. The same samples 
ser'9"ed for eosinophil end total leucocyte counts. Also measured, less 
frequently, were serum. concentrations of sodium.1 potassium, and chloride. 
Urine mllections ware a;c.alyzed daily for 17-ketosteroids, as well as for 
e.ll balance substances. Sweat samples were all analyzed for nitrogen, 
creatinine, sod.i um., potassium, and chloride. 
During the bae.t period, pulse re.tes were taken immediately e.'b the end 
of' e. morning exercise period by counting the radial pulse for 30 
seconds. Reo'bal temtsratures were measured e.t 'bhe se;me 'bime by clinical 
'bherm.ometers. The su.bjeo'bs were dried and weighed to+ 10 gra.ms imm.edia'bely 
before and af'ber exercise. 
Fa.'b oontent of 'bbe body was estima'bed by the 'bechn.i.que of Brozek and 
Keys (lo). 
Hematologio and Chemical Me'bhods: 
Hematocrits were measured by spinning blood in Wintrobe 'bubea for 
30 minu'bes e.t 3000 rpm in e. centrifuge wi 'bh a head diameter of 23 om. Hemo-
globin was determined by a. direct pho'bometric method, using 0.4% NR40R 
e.s a diluent (42). Eosinophile were counted by 'bhe e.oe'bone-eosin method 
of Dunger (49) as modifi.e d' by Forshmn ~ ~ (37). To'bal leuoooytes were 
TABLE III 
SAMPLE PRoTOCOL FOR MEASUREMENT OF BODY WATER COMPARTMENTS* 
Time Procedure 
,• 
0730 ~en test subjects. Weigh. 
0 time 
(Approx. 0800) Draw control blood samples and inject, o~er a two-
minute interval, 20 ml. of a sterile solution contain-
ing antipyrine, thiocyanate and T-1824. 
10 minutes Draw blood from opposite ar.m for T-1824 determination. 
2 Hours Draw blood for thiocyanate and antipyrine analyses. 
3 hours Draw blood for "hhiocyanate and antipyrine analyses. 
4 hours Dra:w blood for thiocyanate and antipyrine analyses. 
5 hours Draw blood for thiocyanate and antipyrine analyses. 
Weigh men after last blood sample. 
*Note: Ambient temperature kept at 83-85°F. 
Subjects are fasting and remain in bed except when urinating. 
No smoking until after blood sample for T-1824 analysis was 
taken. 
No treadmill exercise on these days. 
counted in the conventional way. In all blood counts, two co'lm.ts were 
made per pipette and at least two pipettes were counted per sample. 
Plasma proteins were determined by the copper sulfate specific gravity 
method. 
All sodium end potassium analyses were made by means of a :Beckman 
Flame Photometer. Two standards were read with each unknown. Phosphorus 
was determined by the method of Fisk end Subbarow (35). and creatinine by 
that of Bonsnes and Taussky (a). Sweat nitrogen was determined by the 
micJ'Illl-diffusion technique of Conway (20); all other nitrogen analyses were 
done by the maoro-Kjeldahl method as modified by Hiller~~ (45). Uri-
nary and sweat chlorides ware measured by the Scb.a.les and Sohalas method (80 ); 
chlorides in food, feces and plasma were determined by a modified Whitehorn 
method. ('11). Urine was analyzed for l '1-ketosteroids by the method of 
Drekter at ale (30). 
---
Plasma thiocyanate was determined by Bowler's technique (9 ), antipyrine 
by that o£ Sobe:rm.an ~!:.!!, (83 }, and T-1824 as described by Ohinard (ll). 
All analyses ware done in duplicate. Spectrophotometer readings were 
made on a Beckman Spectrophotometer (Model DU) 11 or on a Coleman, Jr. 
spectrophotometer. 
BESULTS 
Tabulated data will be presented in .the body of this report only e.s 
averages in order to provide maximal continuity of text. Detailed data 
on individuals appear· in the fonn. of appendices. 
Caloric :tnta:ke s and Weight Changes: 
Average morning weights, daily caloric intakes, and percents of body 
fat are shown in Table IV. Although tm control period lasted 21 days, 
no recorda were kept during the first week, and 11Day 1" is in reality the 
8th day on c-Ra.tions. The subjects gradually lost weight during the heat 
period, attaining a plateau during -bhe last :five days~ the average weight 
30. 
less in the heat was 0.95 kg. During recovery, a further drop of 0.86 kg. 
occurred, making a "hotel average weigh-t loss of 1.81 kg. from ooniirol values. 
This was associatedwith.deoreased appetite, as evidenced by the decreased 
calorie intake. The disoan.fort of living in the heat end the mono-to~ of 
'the diet undoubtedly contributed largely to the decreased appetite. However, 
the effect of heat stress per sa and -bhe large consumption of fluid may also 
have been con-bri. butory to an unknown arlen-b. The average body fa-b con-bent 
dropped from 7.6 to 6.4 percent of body weigh-b. These changes Will be dis-
cussed further in connec-bion ~-bh nitrogen and eleo-brolyte balance changes. 
Indices of Acolimatiza-bion to Heat: 
The .first few days in the beat were accompanied by a grea-b deal of 
subjective discomfort. Some of' the men beoeme irritable and slept poorly. 
One subjec-t (H.E.) was unable to walk a full 30 minutes on the first day, 
and all the men walked wi-bh difficulty. By the end of the first week 
morale had improved considerably; the 11 griping" had abated and become more 
TABLE IV 
AVERAGE DAILY CALORIC INTAKES, MORNING WEIGHTS AND % FAT OF 5 :MEN 
PERIOD P.rlS-BEAT CONTROL BEAT POST-HEAT (RECOVERY) 
Calories Weight I %Fat. Calories Weight % Fat Calories we~:~ % Fat DAY (K~) (K;;) 
.. 
l 2768 63.01 7.6 3379 62.49 2656 61.71 7.0 
. ' 
.. '. . . 
2 2696 62.92 
-
2641 61.45 2841 61.87 
-
.. .. 
- . 
3 2972 62.80 7.8 2630 61.71 2349 61.15 6.'1 
.. ... 
. -
-
4 2681 62.48 
-
2783 62.13 2591 60.93 6.4 
-
5 2449 62.25 7.5 2515 62.92 2802 60.66 
-
... 
6 2989 62.04 
-
2456 62.93 2615 60.63 
-
7 2925 62.21 
-
2439 62.26 2393 60.67 
-
6 2632 62.47 7.6 2291 62.17 2813 60.57 6.5 
.. 
9 3160 62.30 ... 2175 62,18 2261 60.80 6o4 
. 
10 2819 62.41 7.6 2615 61.78 
.. 
.. 
11 2926 62.54 7.4 2177 61.48 
-. 
12 2979 62.33 
-
2257 61.75 
13 2863 62.76 ... 2452 61.23 
.. 
.. .. 
14 2613 62.71 
-
2259 61.61 
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good-natured, and the men all completed wprk periods with considerably less 
d.iffioul ty than on the first day. !his was accompanied by decreased pulse 
rates and rectal temperatures 'While walking. (Table V, Figure 1). The 
average walking rectal temperature was 101.9°F. on the first heat day, and 
had dropped to 100.4°F. by the eighth day, vd th little change thereafter. 
The seme general pattern was observed regarding walking pulse rates., which 
fl . 
dropped from 153 beats per minute on the third day to a oetmt of 127 on 
the twelfth day (Table V, Figure 1). These changes are in agreement with 
the findings of Taylor, :Henschel snd Keys ( 90) and of others ( 5 ... 78, 94). 
Average sweat rates with exercise increased from 1084 gm./hr. in the 
first heat day to a plateau of 1246 gm..jbr. during days eight to twelve 
inclusive (Table VI. Fig,ure 2). This was a 15 percent increase and agrees 
with the results of other workers (32,75 1 90). The 24-hour sweat rates 
were also higher on later heat days (Table VI, Fig,ure 2), but to a much 
~~ . 
lower extent ~han exercise rates. The average for the first three days 
was 9051 gm.~4 hrs. as compared with an average of 9580 gm../24 hrs. 
during days 8 - 13 inclusive. This was an i:noree.se of approx:bna.tely 6 per-
ce)l:t; and was associated "With increases in flUid intake of the s81Il.e magni-
tude during the later days. Taylor. Henschel and Keys (90) found com.-
parably small increases in 24-hour gweat losses during acclimatization 
under conditions sil1lilar to iihe present study. 
The daiia on walking pulse rates~ reoi;al temperatures and sweat rate., 
i;ogei;her with the subjective improvement observed indicate thai; the 
subjects of this study were acolimaiiized to heat by the oommonly used 
standards, during the first week, with little further improvement during 
the second week. 
TABLE V 
RECTAL TEMPERATURES AND PULSE RATES AFTER HALF-HOUR WALK 
AT 4 MPH. (120°F.): AVERAGES OF FIVE MEN 
Day in Heat Average Raotal Temperatura Average Pulse Rate 
oF. Beats/Minute 
1 101.9 
--
2 101.5 
--
3 101.3 153 
4 101.1 143 
8 100.4 132 
9 100.3 131 
10 100.4 129 
11 100.4 136 
12 100.6 127 
14 100.5 
--
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TABLE VI 
EXERCISE SWEAT RATES* AND 24 HOUR SWEAT LOSSES DURING HEAT PERIOD 
(Averages of 5 Men) 
Day in Heat Exercise I Daily Sweat Loss 
(Gmjhr) (Gm/24 hours) 
1 1084 9004 
2 1282 8692 
3 1127 9459 
4 1133 6627** 
5 
-
4310** 
6 
-
8849 
7 
-
8554 
8 1247 9181 
9 1213 9975 
10 1249 9649 
11 1266 9451 
12 1253 10101 
13 
-
9123 
14 1140 8630 
*Rate determined from sweat loss during 1st walking 
period eaoh day. 
**Men not in heat entire 24 hours. 
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Concentration of Sweat Solutes: 
Sweat concentrations of nit~ogen, creatinine, and electrolytes are 
shown in Table VII. The swea'b was oollec'bed in an arm bag, as described 
unde~ ~a.'berla.ls and Me'bhods". 
Sodium. ooncen'bra'bions during exercise fell during the first week, 
from an avera@J3 of lOS mEqjL. on 'bhe second day to 73 mEg./L. on the 
eigh'bh d~, with li t'ble change 'bhareaf'ber (Figure 3 ). The same pa'b'bern 
was shown by resting swea'b sodium. concentrations, but at genet-ally lower 
levels of concen'bration; the averages were S9 and 56 mEg/L. on 'bhe second 
end eighth days respeo'bively. Sweat chlorides presen'bed a pattern almost 
identical to that of sodium (Figure 4 ). The average walking end resting 
concentrations on 'bhe second day were 104.7 and 89.0 mEq/L. respectively, 
and bad dropped, by the eighth day, to 70.7 end 54$8 mEq respectively. 
All the sUbjects followed the same trend as the.averages (Appendix IV. a & b). 
Sweat potassium also showed felling concentrations during 'bhe first. 
week, with lit'ble further change during the last seven days (Figure 5 ). 
As was the case wi'bh sodium. and chloride, bo'bh the walld.ng and resting con-
centrations fell. The walking levels were 8.22 and 4.21 mEq/L. on the 
first and ninth days6 respectively; resting concen'brations were 7.55 and 
4.14 on the second and ninth days respectively.' However, whereas tbs 
walking concentra'bions of sodium. and chloride were generally higher 'bhan 
for res-bing swea'b, there was li 'b'ble difference be-tween walking and resting 
oonoentl-a'bions of potassium.. All five subjects individually followed the 
trend of 'bhe averages (Appendix IV-c). 
Ni'brog~ and orea'binine both ~onformed 'bo 'bhe pa'btern of decreased 
concentrations shown by 'bhe eleo'brolytes as acclimatization progressed. 
TABrn vn 
SWEAT CONCENTRATIONS OF ELECTROLYTES, NITROGEN AND CBEATININE DURING BEAT PERIOD 
We.1ld.ng e.t 4 mph (120°F.) Resting (1000F.) 
De.y I Ne. . K Cl N Creatinine Ne. N Creatinine a K 01 N 
. 
1 I 
-
8.22 115.9 64 .. 3 0.674 
' .. . .... 
2 D.05.2 .. 104.7 53.8 o.453 89.3 7.55 89.0 66.4 
3 I 85.3 7.74 82.7 53.0 o.49o 69.9 7.12 70.0 69.9 0.544 I 
- -
.. 
-. 
4 I 78.6 6.78 77.1 51.1 0.486 72.5 6.88 72.4 63.0 0.627 
- -
... 
. . .. 
8 I 73.3 5.07 70.7 
-
0.464 I 55.8 5.24 54.8 53.7 0.531 54.6 7c.93 - -
.. 
.. 
9 I 73.9 4.21 66.2 27.5 0.301 53.8 4.14 57.6 36.2 0.530 62.3 
-
64.8 115.1 
.. 
- . .. 
. , ·, 
.. 
-. --
10 83.6 4.24 65.0 36.0 0.388 
-
5.15 56.4 55.3 0.416 70$5 
-
64.8 
-
. -
- -· 
--
11 78.2 4.26 71.3 29$6 0.314 61.5 4.11 67.8 37.9 o.s1a 67.1 8.55 61.1 90.5 
12 73.9 4.14 69.3 26.0 0.398 64.4 4.20 58.8 47.8 0.414 
- - - -
--
-· 
13 
1?:.1 - -
... 
-
59.2 4.72 55.1 51.6 0.526 60.4 6.86 69.7 75.6 
-·- --
.. 
. .. 
14 4.44 66.9 25.8 0.329 63.2 4.29 59.4 
-
0.387 63.1 6.62 61.5 72.4 
1.08 
1.57 
-1.42 
1.44 
-
0.872 
0.934 
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Nitrogen concentrations during exercise averaged 64.3 and 27.5 mg.% on 
the first and ninth heat days; resting values were 66.4 and 36.2mg.% 
on the second and ninth days respectively, (Figure 6). Creatinine levels 
followed the sam.e trend (Figure 7). A comparison of the differences be-
tween resting and walking sweat reveals an interesting difference between 
nitrogen and creatinine on the one hand, and the ale ctrolytes (particu-
larly sodium and chloride) on the other. Whereas sodium and chloride con-
centrations during exercise were higher than during resting, and potassium 
concentrations showed no difference between walking and resting, both 
creatinine and total nitrogen concentrations were lower in walking than 
in resting sweat. 
42 .. 
It is interesting to compare sweat concentrations with accepted normal 
plasma levels of the substances measured. Sodium and creatinine were ini-
tially present in the sweat in concentrations less than normal plasma levels, 
and decreased further as acclimatization occurred. Chloride concentrations 
were initially equal to~ or higher than plasma levels, but subsequently fell 
considerably below nor.mal plasma values. On the other hand, both potassium 
and nitrogen started at levels almost twice that of plasma and dropped to 
levels which were within the normal plasma ranges. Hence, although all 
five arm bag sweat solutes showed decreasing concentrations with acclimati-
zation, they were apparently being handled in at least two and possibly 
three different ways. 
In an effort to assess the relative decreases of sweat sodium and 
potassium, the sodium;potassium ratios were calculated and plotted (Figure S). 
This ratio increased markedly during the second week of heat in the walking 
sweat, and to a lesser extent in resting sweat. These increases were due 
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te a relatively greater 11conservation" of pota.ssimn. than of sodium. by 
the sweat glands during the second week. There was little change in the 
Na _. K (Figure 8)., indicating that no other anion (e.g., lactate) was 
Cl 
being added in important amounts. This is also suggestive evidence that 
the chloride was not selectively aoted upon by the sweat glands., but 
rather served to maintain oa.tion-anion balance in the sweat. 
The data on BWeat solutes support the results of earlier workers, who 
reported decreased sweat sodium and chloride eoneen.tra.tions with heat ao-
climatization (13,28,29.,67). Since the subjects of this study ~re on 
high salt intakes, the data do no-t support the findings of other workers 
(53,56,65,94), that decreased sweat sodium and Chloride appears only when. 
salt deficiency is present during acclimatization. 
It has recently been sho'Wll. that sweat collec-ted from an arm bag, as 
in the present s"Cudy, is more ooneen"Crated than that produced over the 
rest ef the body surface (52,92). Therefore, the average concentrations 
of sodium and Chloride were calculated., using the following formula.: 
*Average Daily Sweat Oencentration = 
Intake - (urinary ~ fecal excretion) - Estimated Extracellular Increment 
24 Hour Sweat Loss (liters) 
46 .. 
The correction for extracellular fluid expansion was made on the basis 
of measured ila.oreases in thiocyanate space on "Che fifth heat day (vide infra). 
~This formula is based on the assumptions that the men were in salt bal-
ance and no sodium or chloride was moving into cells or out of depots. 
These calculations show that the concentrations of sodium and chloride 
in composite daily sweat decreased in 12l.e same manner as arm bag sweat, 
and by approximately the same percent (Table VIII). This supports the 
qualitative findings on arm bag sweat in the present study. 
Body Fluid Compartments: 
Data on body fluid compartments are shown in Table IX and Figure 9. 
Pre-heat controls are the average of three measurements per subject. The 
mean antipyrine space during the control period was 39.02 liters. There 
were slight increases to 39.95 and 39.70 liters after five and fourteen 
47. 
heat days respectively, followed by a return to approximately control values 
in the recovery period. The mean control thiocyanate space was 15.22 liters; 
there was an increase to 17.66 liters after four heat days, followed by a 
slight drop to 17.38 liters at the end of the heat period. During recovery, 
the mean thiocyanate space fell to 15.48 liters, a value not greatly different 
from controls. The pre-heat mean plasma volume was 2.90 liters; this in-
creased to 3.68 liters after four heat days, and to 3.32 liters at the end 
of the heat period, followed by a drop to control values during recovery. 
Blood volume, calculated from the T-1824 space and hematocrit, increased 
750 ml. on the fifth heat day; this was almost equal to the absolute increase 
in plasma volume (780 ml.). However, unlike the plasma volume, the blood 
volume·had dropped almost to control levels by the last heat day. 
The increase in mean antipyrine space during the heat was less than 
one liter, and was probably not significant, since no more than three of 
the five subjects followed the averages 'Figure 10). However, all the 
men followed the same pattern as the averages with regard to both the 
TABLE VIII 
ttcoMPU'l'ED CONCENTRATIONS OF SODIUM AND CHLORIDE m 
ncOMPOSITEn 24-HOUR SWEAT DURING THE HEP_T PERIOD" * 
(Averages of 5 men) 
Day in Heat Sodit:an. Chloride 
(mEqjL) (mEqjL) 
1 43.1 44.4 
2 54.1 46.1 
3 40.1 42.7 
4 40.5 38.2 
' 5 
-- --
-s 
--
31.8 
7 35.8 34.3 
8 35.3 34.7 
9 35.2 33.9 
10 33.2 32.4 
11 37.1 34.1 
12 34.6 32.9 
13 38.2 37.5 
14 37.0 35.9 
*Composite Sweat Concentration = 
Intake - (Urine 1- Feces) - «Ert;race1lu.1ar Increment,. 
24-Hour Sweat Loss 
48. 
49. 
TABLE IX: 
BODY FLUID COMPARTMENTS DURING ACCLIMATIZATION TO HEAT (Liters) 
,, 
.Antipyrine Space Thiocyanate Space 
Subject Controls 5th Heat 14th Heat Recovery Controls 5th Heat 14th Heat Recovery 
Day Day Day Day 
LI 46.18 46.04 44.00 47.46 18.27 19.77 19.45 18.65 
HA 42.17 40.49 45.04 42.05 15.75 20.34 18.48 16.06 
MO 39.70 39.86 38.30 35.26 15.52 18.28 18.72 14.11 
NI 33.38 38.28 34.44 35.28 13.42 15.38 14.49 13.61 
HE 33.69 35.06 36.74 35.90 13.34 14.55 15.76 15.06 
Average 39.02 39.95 39.70 39.19 15.22 17.66 17.38 15.48 
Jel:asina.:. .Vo 1 wne Blood Volwne 
~ubject Controls 5th Heat 14th Heat Recovery Controls 5th Heat 14th Heat Recovery 
Day Day Day Day 
LI 3.50 4.33 3.84 3.82 6.58 7.28 6.35 6.60 
HA 3.23 4.27 3.57 3.12 5.39 6.44 5.51 5.09 
MO 2.48 3.42 3.10 2.47 4.35 5.30 4.72 4.15 
NI 2.79 3.37 3.24 2.80 4.91 5.39 4.98 4.75 
BE 2.50 3.00 2.85 2.28 4.34 4.82 4.48 3.77 
!a-verage 2.90 3.68 3.32 2.90 5.10 5.85 5.21 4.87 
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TOTAL • TOTAL BODY WATER ( ANTIPYRINE) 
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"IC" • TOTAL BODY WATER- EXTRACELLULAR (THYDCYNATE) • "INTRACELLULAR" FLUID 
TOTAL: 39.02 39.95 39.70 
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DIRECTION OF CHANGES IN BODY FLUID COMPARTMENTS: 
AVERAGES COMPARED WITH INDIVIDUAL CHANGES 
COMPARTMENT 5th HEAT DAY 14th HEAT DAY RECOVERY 7- II DAYS 
TOTAL BODY WATER 
AVERAGE: + + 0 
Ll 0 • 0 
HA • • 0 MO 0 + + 
Nl • • + HE • • + 
"EXTRACELLULAR FLUID" 
AVERAGE: • • 0 
Ll • • 0 
HA • • 0 MO • • • Nl • • 0 
HE • • • 
PLASMA VOLUME 
AVERAGE: • • 0 
Ll • • • HA • • 0 
MO • • 0 Nl • • 0 HE • • • 
FIGURE 10 
thiocyanate and T-1824 spaces. The small difference of 0.28 liters in 
the average thiocyanate space between the fifth and last heat days was 
not significant~ since three men had lower spaces and two had higher 
ones on the last day as ·compared with the fifth. On the other hand~ every 
man had a lower plasma and blood volume on the last heat day as compared 
with the fifth (Table IX). 
Serum electrolytes were measured twice during the heat (Table X). 
Serum sodium and potassium concentrations were no different from controls 
on the fifth heat day. However, the serum potassium was below controls and 
the sodium was elevated on day 10. It is felt that the elevated sodium on 
the tenth day probably reflects temporary dehydration~ since on that day 
blood samples were taken at l20°F. at 7:30 A.M., before' the s·\lbjects had 
gotten out of bed for their daily weighing and replacement of night sweat 
losses. The fifth day, on the other hand~ was a ''body water" day and 
the room temperature was at 85°F. The decrease in serum potassium on 
day 10 may be a reflection of the cumulative daily negative potassium 
52. 
·balance observed (vide infra). The unchanged serum sodium on day 5 indicates 
that the thiocyanate space was expanded "isotonically". 
These data indicate that by the fifth heat day there was an expansion 
of "plasma volume" and ttextracellular fluid11 ~ with no consistent change in 
total body water. Total blood volume was increased, largely as a result 
of the increased plasma volume, with no increase .in circulating cell mass. 
The increased extracellular fluid was accompanied, in some cases~ by a 
loss of intracellular water (Figure ~). The plasma volume increase on the 
fifth day was relatively larger than that for extracellular fluid (26.9 and 
Period 
and 
Day 
Control 
2 
10 
12 
15 
Heat 
5 
10 
Recovery 
3 
12 
TABLE X 
SERUM ELECTROLYTES 
(Averages o£ 5 Men) 
Potassium Sodium 
mEg/Liter mEq/Liter 
4.17 143.1 
4.36 142.9 
4.07 146.4 
3.98 144.9 
4.16 143.2 
3.85 150.7 
4.02 146.2 
*4.20 *145.0 
*Average of 4 Men 
53. 
Chloride 
mEqjLiter 
*107 .3 
103.9 
103.4 
106.5 
109.5 
109.2 
103.7 
41105.7 
16.0% respectively). However, by the end of the heat period the plasma 
volume had fallen until its percent increase from controls was almost 
identical with that of the ECF (14.5 and 14.2% respectively). The blood 
volume fell much more than plasma volume by the last day of he~t exposure~ 
to only 2.2% above controls. The plasma and blood wlume data of the 
fifth day confirm the results of Bazett et al. (4), who imposed much 
milder stress for five days and did not exercise their subjects. In a 
footnote, these workers stated that with longer periods of living in a 
warm room the increase in blood volumes are less marked. This supports the 
blood volume findings of the last heat day in this study. 
Plasma protein, hematocrit, and hemoglobin concentrations were measured 
frequently during all periods (Table XI). Hematocrit and hemoglobin con-
centrations decreased steadily from control values of 42.6% and 14.4 gms.% 
respectively to 35.8% and 12.2 gm.% respectively by the end of the heat 
period. During recovery there was a steady increase toward control levels 
but they were still approximately five percent below controls by the end 
of this period. Plasma protein concentrations were elevated after one day 
in the heat but dropped to control values by the fourth day and steadily 
decreased to values 12.1%below controls by the end of the heat period. 
They returned to control levels by the sixth day of recovery (Table .X). 
The failure of hematocrit and hemoglobin concentrations to return to con-
trol levels during recovery is probably due to incomplete replacement of 
red cell loss in blood samples. An average cumulative total of approxi-
mately 500 ml. of blood was drawn from each man during the heat and 
recovery periods. 
54. 
Period 
TABLE XI 
MORNING HEMATOLOGY AND PLASMA PROTEINS 
(Averages of 5 Men) 
and 1 Hematocrit Hemoglobin Eosinophil Total Leukocytes 
Day (%) (Gm. %) {per cu mm) (per cu nun.) 
Control 
1 43.6 14~4 183 6950 
2 42.6 14.7 242 7180 
5 43 .. 5 15.1 244 6677 
8 41.1 14.2 270 7410 
10 
-
13.8 289 7075 
12 43.5 14.4 236 6483 
15 41.5 14.1 251 6360 
Heat 
2 41.2 13.9 240 7800 
3 39.4 13 .. 5 249 7108 
4 36.8 13.0 257 7732 
5 37 .• 0 12.4 256 5628 
8 35.4 12.6 262 6485 
12 36.7 12.7 273 6312 
14 36.6 12.8 292 6763 
15 35.8 12.2 261 6170 
Recovery 
2 37.6 12.6 276 7290 
6 40.2 13.4 230 7457 
8 40.8 13.4 415 6610 
10 40.1 13.7 390 6735 
' 
55. 
Plasma 
Protein 
(Gm .. %) 
6.5 
6.5 
7.0 
6.8 
6.7 
6.9 
6.0 
7.0 
7.1 
6.6 
6.3 
6 .. 1 
6.1 
6.4 
6.8 
6.0 
6.5 
6.4 
6.9 
Total circulating protein. was calculated for days on which plasma 
volume was measured. There was an increase from average control values 
to 232 grams on ~he fifth heat day with a drop to control levels by the 
last heat day (Table XII). The increased total circulating protein on 
the fifth day1 accompanied by only a slight drop in plasma protein concen-
trations~ indicates that the increased plasma volume was obtained by the 
addition of fluid of almost the same composition as the plasma. The decrease 
in plasma protein concentrations and circulating protein on the last~ as 
compared with the fifth heat day~ indicates that the smaller plasma volume 
on the last day was effected by the loss of fluid richer in protein than 
normal. The fall in circulating protein was 39 grams • an amount far 
greater than could be a.ccounted for by blood withdrawals between the fifth 
and last heat days (5 grams)~ even i£ no replacement occurred. The data 
of the fifth day agree with those of Bazett ~ al. (4) who found increased 
circulating protein with little change in concentrations in men living for 
four to five days at moderately elevated temperatures. 
Urinary Constituents: 
Urine excretion of soidum and chloride fell to very low levels during 
the first four days of heat (Figure 11). By the sixth heat day there had 
occurred a three-to-five-fold increase in urinary sodium excretion over 
the first four days~ with little change thereafter. Chloride excretion 
followed the ssme pattern (Figure 11). These findings of an initial large 
decrease in urinary sodium and chloride followed by a rise~ on later days. 
is in accord with the results of other workers,l3.2B.B9.90). Most workers 
have interpreted the large early fall as evidence of renal conservation 
56. 
TABLE XII 
CHANGES IN TOTAL cmCULATING PROTEIN DURING 
ACCLIMATIZATION TO HEAT 
(Averages of Five Men) 
Period Circulating Protein 
' 
(Grams) 
Mean Controls 195 
5th Heat Day 232 
14th Heat Day 193 
Mean Recovery 194 
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solely in response to the hi~h sweat concentrations during the early days 
of acclimatization. The later rise in urinary sodium and chloride was 
thought to reflect a decreased sweat loss of salt. Since this study has 
demonstrated an "isotonic" expansion of the extracellular :fluid during the 
periods of greatest ~anal conservation of Na and Cl. the amount of these 
ions required :for this expansion has been theoretically added to the measured 
daily urinar~ excretion.* When this was done1 the apparent renal conserva-
tion due to sweating alone was reduced1 and the values for the first four 
days were closer to the nsteady state" reached by day 6. Nevertheless. 
Figure 11 demonstrates a small renal conservation of Na and Cl over and 
above that required to expand the extracellular fluid and at the same time 
maintain sweat loss during later days. This probably reflects the higher 
sweat concentrations observed during the first days in the heat (Figures 3 
and 4). 
Urinary excretion of potassium followed a pattern opposite to that 
of Na and Cl in that its excretion during the first four days was higher 
than during the rest of the heat period (Figure 11). It should also be 
noted that urinary potassium during the early heat days was not greatly 
below p re-heat controls 1 even though as much as 30 to 40 milliequivalents 
(o~) 50% of i~take) was being lost in the sweat. The ratio 1 Na/K1 in the 
urine fell markedly from control values during the first four heat days 
(Figure 12) •· It rose to values higher than controls on days 6 to 81 and 
then fell gradually to pre-heat levels. This indicates a relatively 
greater conservatiqn of sodium than of potassium during the first few 
*Since the rate of extracellular fluid expansion was mWcnown~ it was 
assumed that it occurred exponentially over the first four days. The 
daily expansion was interpolated from a semi-logarithmic plot. 
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days, followed by a greater "conservationtt of K than of Na during later 
days. A similar pattern has already been seen with regard to the Na/X 
of sweat (Figure 8}, although the difference between early and later days 
is more marked in the urine. 
Renal excretion of nitrogen and phosphorus was reduced during the 
heat; this was apparently related to reduced intake (Figure 13). Urine 
volume showed little change during ihe heat period (Figure 13). Although 
the average volume was slightly lower on the first two days, the fluid in-
take was also lower, as has been previously noted. 
The heat stress apparently did not result in the production o£ maxi-
mally concentrated urine. The generally accepted upper limit o£ renal con-
centrating ability is ihe production o£ a urine containing 1.4 osmols per 
liter (38). Figure 14 depicts the average osmolar concentrations of daily 
urines. These were calculated from the measured concentrations o£ Na, X, 
Cl, P, and N, and probably account £or over 90% o£ the total osmolarity. 
It wa.s assumed that urea comprised 80% o£ the total nitrogen. The highest 
average concentration found 'WaS approximately one osmol per liter during 
the second week in the heat. 
The data on urinary solutes indicate that, during the first £our heat 
days, the kidney conserved Na and Cl in excess o£ that required to maintain 
sweat losses. This excess served to maintain the tonicity of the expanded 
extracellular fluid compartment. Renal retention of potassium. was not 
great, and occurred during the later heat days, after the period o£ excess 
Na and Cl retention. The concentration of the urine in the heat was well 
below the maximal concentrating ability of the renal tubules. 
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Me-tabolic Balances: 
The de'ter.mination o£ metabolic balances under condi-tions of high 
swea-t loss is fraught with great difficuliiy. Unless all sweat is quan-
-ti-ta-tively recovered~ the estimation of solute losses must be made from 
analyses of random swea-t samples. The danger of 'the latter procedure has 
already been poin-ted ou-t. Nevertheless~ an attemp-t was made in 'this study 
to measure balances of electrolytes and ni 'trogen. Loss of these subs-tances 
in 'the swea-t was es-tima-ted from daily analyses of thl"ee swea-t samples and 
from 'the swea-t rate~ taking into accoun-t the 'type of ac-tivi-ty and embien't 
'tempera-ture. Measured swea-t concen-trations were correc-ted from the da'ta 
of Kleeman~ Bass and Quinn (52). Even with these correc-tions, it is fel-t 
that all balances during the heat, with 'the excep-tion of phosphorus, are 
in. error. The phosphorus balances are probably valid because no appreciable 
quan-tity appears in 'the sweat ( 68). Random analyses in this study showed 
a maximal P concen-tration of 0.5 mg. per liter. 
The ~alance 11 data for sodium and chloride during the hea-t period are 
shown in Figures 15 and 16. The apparent cumulative "balance" for sodium 
during this period was - 2061 milliequivalents. If this were a true balance 
it would be necessary to postulate the presence of depots of sodium cap-
able of supplying such large amounts. Bone is the only known large depot~ 
and its total Na·amounts to approximately 2000 mEq. (26). The only possible 
alternate interpretation would invoke loss of extracellular fluid. This 
would imply~that between 14 and 15 liters were lost, in the face of a 
measured increase in thiocyanate spacel The "balances" for Na and Cl are 
64. 
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presen~ed along wi~h those for wa~er*(Figure 17). I~ is interes~ing 
~ha~ .. a.1 though ~he hea~ period shows incredibly nega~ive "balancesff for 
Na and Cl, all ~hree substances display the same upward ~rend during the 
firs~ four heat days, when the extracellular fluid was expanding. During 
~he recovery period, ~hey all showed a downward ~end, while the erlra-
cellular fluidwas con~rac~ing. 
67. 
The po~assium ~d nitrogen "balancesn during the heat period are also 
probably in error, bu~ ~o a much smaller ex~en~ than those for Na and Cl (62). 
The daily average po~assium balance during the hea~ was - 15.1 m.Eqjday 
(Figure 18). Tha~ for ni~rogen was - 2.17 gm./day, and for phosphorus i~ 
was-0.047 gm.jday (Figures 19 and 20). During the firs~ week of the re-
covary period all three balances were posi~ive. Since o~her workers (13,28) 
have repo~ed daily negative ni~rogen balances of l ~o 2 grams during heat 
stress, the direc~ion of the "balances" may be valid, al~hough ~he ~ue 
magnitude is uncer~ain. This is fur~her suppor~ed by the small bu~ con-
sis~en~ negative phosphorus bal~ce during ~he hea~ period. Since ni~rogen, 
phosphorus, and potassium are all largely in~racellular, ~he occurrence 
of posi~ive balances of all three during recovery is fur~her suppor~ for 
the occurrence of prior ~issue breakdown. 
Since ~he phosphorus balance is the only one no~ involving appreciable 
sweat loss, it may be possible to calcula~e "~rue" ni~rogen balance from 
phosphorus. This involves assump~ions ~ha~ (a) the source of excess phos-
phorus excre~ion is solely in~acellular, (b) ~here is no al~era~ion in 
* Wa~er balance was calcula~ed as follows: 
Balance = H20 in food 4 H20 inges~ed 4 H20 of oxida~ion of food 
-(urine 1 swea~ 4 feces 4 respira~ory loss) 
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calcium balance~ and (c) a relatively constant relationship exists be-
tween phosphorus and nitrogen in tissue. The generally assumed ratio 
of nitrogen to phosphorus in tissue (N/P) is 15 (both elements expressed 
as grams) (73), .although the constancy of the ratio for all tissues has 
. . 
recently been questioned (46). The calculations from the data of this 
study are: 
J 
Heat Period: 
Cumulative negative P balance = 0.862 
Theoretical cumulative N balance = 0.662 x 15 =-9.95 gm. 
Measured cumulative N '~alance" = -30.38 gm. 
Recovery Period: 
Cumulative positive P balance = 0.663 gm. 
Theoretical cumulative N balance = 0.663 x 15 : 9.96 gm. 
Measured cumulative N nbalance" = 8.41 gm. 
The 11th.eoretical" nitrogen balance is much less negative than that 
actually measured in the heat1 but agrees closely~th. the recovery balance 
as measured. 
It should be pointed out that the daily control K1 N, and P balances 
were generally slightly positive to ap];r oximately the same extent as the 
~~ry period. This may be due to systematic technical error, or to the 
actual existence of a true positive balance during control, ("adult growth" 
or nor.mal cyclical changes). This poses the problem of whether to express 
J!JII:ces as deviations from measured controls or from zero; ReJifenstein 
~~ (73) have suggested that deviation from control levels is preferable. 
---This assumes that systematic technical error is the sole factor and con-
•~ . . 
72. 
tinuous at an unchanged level during experimental periods. I.f this method 
were used in the present study the cumulative N, K, and P balances during 
heat exposure would be even more negative than as expressed and the recovery 
period would indicate zero balances in the face of preceding negative bal-
ances. SUch an occurrence is not likely in healthy men (51). 
73. 
j1J. though the K and N balances during the haa t were probably system-
atically in error, the extent of the error may be the same for both (52). 
Ther~fora, the K/N ratios may be useful in interpreting fluid shifts. This 
ratio is usually assumed to be 2.7 mEq. of K par gram of nitrogen in tissue(73). 
A ratio higher than 2. 7 is taken to mean that potassium is being lost from 
causes other than tissue breakdown. The ratio of the cumulative K to N 
balances during heat was 7 .0, indicating some loss of potassium. without 
an accompanying breakdown of tissue, i.e., from intact cells. The ratio 
for the cumulative positive bal~ce during reeoverywas 11.3, suggesting 
a return of potassium into intact calls in addition to that required for 
building nsw tissue. This is in accord with the loss of intracellular 
water found during the heat period and the gain observed during recovery 
(Figure 9)., assuming that H20 accompanied K out of intact cells. Since 
the absolute values of the balances are highly suspect, it would be fruit-
less to calculate internal balances of water and electrolytes. 
Some of the errors inherent in balance studies have been pointed out. 
The presence of 5Weating complicates an already complex technique. Indeed, 
~e:i,fanstein at al. are of the opinion that significance should not be 
~ta:ched to balances which deviate less than 10 percent of total intake. 
Nevertheless it is felt that same of the quali tiati ve aspects of the 
···.:/ 
balances in this study are meaningful. The upward trends of Na, en, and 
flaO during the first four heat days and their downward trend during re-
covery are what would be predicted from. the measured changes in extra-
cellular fluid; both sets of data therefore support each other. The para-
llel patterns of nitrogen, phosphorus:~ and potassium. balance suggest that 
' 
the heat stress was accompanied by a small amount of' tissue breakdown. 
Bhether this was a result of heat stress per se or whether cyclic periods 
of' dehydration (e.g., while asleep) (6) were contributory is an open 
question. 
Adrenocortical Activi~: 
In an attempt to assess levels of adrenocortical activity the following 
measurements were made: (a) circulating eosinophil counts, (b) total leu-
kocyte counts, {c) urinary 17-ketosteroids, and (d) Na/J ratios of' sweat 
and urine. 
There were no marked changes in either the circulating eosinophil 
or total leukocyte counts (Table XI). On no day during the heat period 
was the average eosinophil count outside the range of control days. Al-
though the average leukocyte count fell from 7800 per cu. mm. on the first 
heat da.y to 6170 per cu. mm.. on the final day, the counts of four of' the 
five subjects were within the range of' their controls on both days. If 
a decrease in eosinophile and an increase in total leukocytes are valid 
indices of' increased adrenocortical activity, these data suggest that no 
increased activitywas present during the heat period. 
The data on the 17-ketosteroids support the implication of' the cell 
counts, that no increased adrenocortical acti-v:ity was present during the 
74. 
heat (Table XIII). There was~ if anything, a downward trend in excretion 
during this period. The average excretion during the first four days was 
23 percent below controls. The average for the entire heat period was 
15.8 mg. per 24 hours as compared with mean controls of 17.7 mg. per 24 
hours. Due to the variability among control days it was not possible to 
prove significance. The possibility of sweat losses as a cause of de-
creased urinary excretion was considered. Pooled sweat was analyzed for 
these substances~ and no evidence of their presence in appreciable mnounts 
was found.* 
The urinary and sweat ratios of sodium tO potassium have been previously 
presented (Figures 8 and 12). ~creased Na/K in urine~ saliva and sweat 
have been observed following the administration of ACTH or adrenocortical 
extract (69,79). The low ratios in both urine and sweat during the first 
four heat days, followed by higher ratios on later days~ present a picture 
of apparently higher levels of DCA-like activity during the e~ly days. 
However~ it will be pointed out in the next section (trDiscussion of Resultstt) 
that local, non-hormonal factors can affect sweat sodium concentration, 
and that stimuli ,other than increased adrenocortical activity were probably 
operating to reduce urinary sodium excretion. 
*Sweet analyses were performed by Dr. H. Wotiz. His help in this., and 
in setting up the analytic method for urinary 17-ketosteroids is grate-
fully acknowledged. 
75. 
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TABLE XIII 
URINARY 17 KETOSTEROIDS (Mg/24 HOURS) 
Period SUBJECT 
and 
Day LI HA MO NI BE AVERAGE 
Control 
6 1.0 17 .. 2 20.1 16.3 9.5 14.0 
7 18.7 18.8 20.4 17.7 10.8 17.3 
9 19.1 15.9 22.4 22.5 10.4 18.1 
10 18.2 15.9 24.0 17.7 10.1 17.2 
11 23.2 21.4 25.2 22.8 16.5 21.8 
12 21.5 21.8 20.9 21.8 13.8 20.0 
14 12.1 18.3 18.'7 19.9 10.2 15 .. 8 
Heat 
1• 15.5 12.'7 16.1 14.1 8.5 13.4 
2 16.2 14.6 16.3 12.6 13.2 14.6 
3 14.2 14.9 13.0 15.6 10.3 13.6 
4 14.8 9.4 13.5 18.6 9.1 13.1 
5 15.8 24.4 24.5 18.2 12.2 19.0 
'7 16.5 13.3 13.0 10.0 11.1 12.8 
8 10.1 12.3 17.4 13.5 11.2 12 .. 9 
9 1'7.2 17.0 18.9 13.7 10.6 15.5 
10 13.5 11.4 13.9 17.3 10.6 13.3 
11 15.1 16.5 21.2 15.0 13.3 16.0 
12 13.0 14.2 16.0 17.9 12.0 14.6 
13 1'7.3 16.8 19.1 17.9 10.8 16.4 
14 15.6 18.1 18.9 13.0 14.7. 16.0 
Post-
Heat 
1 17.9 16.9 19.7 16.5 11.1 16.4 
2 18.0 17.7 19.6 17.8 8.6 16.3 
3 14.8 13.6 17 .. 9 15.6 7.4 13.9 
4 17.1 14.3 13.8 15.6 .6.2 ' 13.4 
5 14.8 9.9 19.4 20.4 8.4 14.6 
6 19.2 13.3 22.2 19.3 13.7 17 .. 5 
7 16.9 16.3 17.3 21.7 6.5 15.'7 
8 22 .. 5 24.2 22.6 20.6 15.0 21.0 
9 19.5 18.3 22.5 22.4 11.7 18 .. 9 
DISCUSSION OF BESULTS 
Indices ofAcclimatization: 
The findings on vrorking pulse rates., rectal tam.peratures end sweat 
rates demonstrate that the test subjects of this study had been acclima-
tized to heat according to the usual indices. The test sUbjects were able 
to perfonn a standard work load with improved cardio-vascular end thermo-
regulatory responses w.ttbin four to six dey-s of heat stress. The data on 
sweat rates and rectal temperatures,during exercise revealed that, as ac-
climatization progressed, more sweat was produced for a given rectal temp-
erature (Figures 1 end 2). This was first comme:o:bed on by McArdle (64). 
Ladell (54) attempted to use the sweat rate:rectal temperature ratio as 
a simple and readily measured index of degree of acclimatization, but found 
it useful only in large groups of individuals. McArdle noted that sweating 
started at lower rectal temperatures when men became acclimatized. The 
mechanisms underlying these phenomena are unlalown. 
Sweat Composition: 
The most striking alteration in sweat composition was the decreased 
concentrations of all five substances measured (Na,Cl,K,N, creatinine). 
77. 
All these substanoes followed the same general pattern of steady fall during 
the f'irst four days in the heat, with little further change thereafter. 
The finding of decreased sweat o oncentrations of Na and Cl adds f'uel 
to the oontroV8rsTwhether such decreases are an integral part of the accli-
matization process. McCance (65), Robinson~~ (75) and Weiner and 
vanHeyningen '(94) failed to find decreased sweat Na and Cl concentration 
in individuals maintained on high salt intakes. They concluded that the 
frequently reported decreased concentrations were the result of relative 
salt deficiencies due to sweat losses rather than of the acclimatization 
process. Rowever1 they exposed their subjects to heat for periods of only 
one to six hours, and their results ea.nnot be compared with those of the 
present study. In conneetion with their results 1 it should be pointed 
out that Robinson and co-workers (78) found that when decreases in sweat 
Na end Cl ocourred1 they were not retained during as few as four days of 
no heat e:xposure 1 whereas other indices of improved performance were re-
tained for periods of several weeks. Unpublished data from this labora-
tory indicate that an intervening weekend of no beat exposure can result 
in a return of Qhloride loss to pre-acclimatization levels in men who are 
acclimatized· by.daily exposures of foUr hours at 120°F. (3). The possio.. 
. bili ty exists, therefore 1 that the failure of some worl!39rs to find de-
creased Na and Cl coneentrations was due to the inter.mittenoy of exposure. 
The decreased concentrations of these electrolytes observed by Robinson 
et aL 'When low salt intakes were maintained were undoubtedly partly due 
' to "bhe associa"bed salt deficiency. However, it is felt 'i:;ha"b no progressive 
salt deficiency occurred in the present stu~, and that the decreased sweat 
concentrations of Na and ci were probably largely the result of deeree.sed 
rectal end skin temperatures. Although skin temperatures were not measured, 
they ~obably deereased during exercise; sueh a decrease has been well 
documented (32 1 75,84,94). There is general agreement that hign skin and 
rectal 'l:;emperatures resul'l:; in high Na and Cl concentrations (29,501 77). 
Furthermore, Johnson at~ (50) were able to cause an increase in swea'l:; 
chloride concentration to pre-acclimatization levels by increasing skin 
and rectal temperatures in men 'Who were acolimatized to beat. Evidence 
78. 
for this was seen in the present study~ whiah revealed aonsistently lower 
concentrations of Na and Cl in resting than in walking sweat. It is note-
worthy "bhat "bhe concentra-tions of Na and Cl in arm.bag sweat in this study 
did not fall "bo -the veri low levels repor-ted by soma workers (4o). This 
was probably the resul "b of -the high in-bake during the heat perio.d• 
Li-ttle -rork has been done on other sweat solu-tes. McCance (65) and 
Daly and Dill (24) reported no change in N or K during shor-t~ intermit-
-bent exposures to hea-t. Mezinesco (67) found sugges"bive evidence of a 
slight fell in N during acclima.tiza"bion~ and vanHeyningen and Weiner (92) 
found decreased concentra-tions of urea in ar.mbag sweat, al-though composite 
body sweat co.mpositicn rose slightly. No preVious s-tudies have been made 
on sweat noreatinine" during acclimatiza-tion. The present study revealed 
decreases inK, N, and creatinine during the firs-t four days. Little is 
known about how the sweat glands handle the sa substances. Dill !! !:!.!_ (29) 
found that increases in sweat rate resulted in increased K and decreased 
N concentrations. Moreira et !:.!.!_ (42) are of the opinion that K is not 
appreciably sUbject to local skin effects. Ladell found a reciprocal re-
lationship between sweat rate and "creatinine" concentration independent 
of plAsma. levels; his findings suggest that this substance ma.y be excreted 
at a constant rate (53a). 
It has alreaey been poixrbed out (see "Resul-ts") that the sweat glands· 
may be excreting -these substances in two or more ways. This was inferred 
from a comparison of ar.mbag concentrations with normal plasma ranges for 
the indiVidual substances. Considera-tion of the differences in concen-
trations between walking and resting swea-t affords clues to some of the 
local factors involved. The lower Na and Cl concentra-tions in resting 
79. 
sweat probably resulted from lower rectal and skin temperatures while 
resting (Figures 3 and 4). The higher concentrations of nitrogen and 
"creatinine" in resting sweat may reflect the lower sweat rates while 
resting as compared with walking (Figures 6 end 7 ). This is supported by 
the findings of Ladell on creatinine end of Dill ~ ~ (29) on total 
nitrogen. The lack of a consistent difference between ~king and resting 
sweat concentrations of K (Figura s) indicates that the ~onoentration of 
this s ubstenoe is, to a certain extant, independent of skin and rectal 
tempezatura end of sweat rate. 
Comparison of sweats collected while resting at l00°F. with those 
collected during rest at 120°F. supports the foregoing interpretation re-
garding nitrogen and "oreatinine" (Table VII); the highest ooncentrations 
were observed at l00°F. (men sweat rate was lowest). There were no con-
siste.at diff'erenoes in either Na or Cl concentrations between resting sweats 
at l00°F. and 120°F. Although iihe S'Vieaii rate at 100°F. was narkedly below 
1:;hai; at 120°F., -the diffel"6nces in skin and rectal temperaiiures were not 
as great as b a tween walking and resting at 120 °F., and may have been i;oo 
small iio produce measurable differences. The markedly higher K concentra-
tions ai; lOOOF. agree Wi iih iihe findings of Whitehouse and Haldane (96). 
Apparently, at low sweat ra i:as, poiiassium. is not exoreiied at a. oons1:iant 
concentration. 
These possible different mechanisms of solui;e excretion have been dis-
cussed in some detail, since iihe data poinii up problems for further research 
in the physiology of sweating. However, aliihough there appeared to be dif-
feren-t; mechanisms of excretion, the similar pattern of steady decreases 
80. 
in both walking and resting sweat oonoent;ra.tions of the five measured sub-
stances indicates that the a.oolima.tiza.tion process was accompanied by pro-
duction of a. sweat which was more dilute, not only w.i. th reference to Na 
and Cl, but to at least three other solutes (K, N, creatinine), and possibly 
to all sweat solutes. The sweat glands, therefore, apparently excreted 
more water relative to solutes as acclimatization occurred. 
Body Flui·d Compartmentst 
The data on body fluid shifts present an apparently simple pattern. 
Figure 9 indicates that the mej or shifts occurred within the first four 
days, and that these consisted in an uisotonic" expansion of the extra-
cellular fluid volume, and an increased plasma volume, accompanied by a 
loss of intracellular water. The increased plasma and blood volumes of 
the fifth heat day confirm the work of Bazett ~ ~ (4). The. measured 
increases in extracellular fluid volumes are the first clear-cut demon-
stration of such an expansion in men demonstrably acclimatized to severe 
heat under controlled laboratory conditions. Little work has been done 
on f'luid compartments other than the blood, and the results of other 
workers have indicated either a. small decrease or no change in extracel-
lular fluid during acclimatization (see "Literature Review1" ). 
The simplicity of tnis pattern is lost ~en one considers the possible 
mechanisms of the fluid shifts. In 'the present study «isotonic" expansion 
of' the extracellular fluid could have occurred in two ways: (a) intracel-
lular loss of water accompanied by renal conservation of Na and Cl, and 
(b) renal retention of excess salta.nd water in iso-osm.otic proportions. 
The data of this study suggest the first possibility (Figures 9 and 11) .. 
if one considers only the average intracellular fluid changes (Figure 9). 
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However1 on day five 1 only three subjects (Li1 Ha1 and MO) shawed decreased 
intracellular fluid volumes 1 and by the last heat day only two of these 
(Li and Mo) had maintained this decrease; the others had intracellular 
volumes that were little different fru.m their controls. The intracellular 
fluid was caloulated as the ·difference between measured antipyrine and thio-
cyanate spaces and includes the errors of both techniques. Since such 
errors might; well mask true cbanges 1 and since all the subjects did not 
follow the same pattern1 these data do not parmi t a general inference of 
decreased intracellular fluid voluees. The balance Kj.N ratios on the other 
hand indicated that K moved out .. of cells during the heat period in em.ounts 
greater than could be accounted for on the basis of tissue breakdown. Such 
movements have been shown to occur in states of dehydration (33) and pote.s- ' 
sium deficiency (7). ·Black and Milne (7) placed two men on a potassium-
deficient diet for six days. They found ~ considerable urinary loss of K 
during the first three days 1 with improved renal conservation during the 
last three days. Although sodium intake was. adequate, there was an exag-
gerated renal retention of 1\Ta during "bhe period of K depletion. They also 
found increased extracellular fluid volumes accompanied by decreased intra-
cellular water1 with no change in total body water. :with the exception 
of the loss of intracellular fluid - an inconsistent finding in the present 
study - the results of Black and Milne are very similar to those reported 
here (Figures 9 and 11). 
It is probable that both dehydration and mild potassium deficiency 
contributed to the loss of intracellular potassium seen during the heat 
period. Although there was no progressive dehydra:bion throughout this 
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period, there were certainly short, oyclic periods of dehydration during 
each 24-hour period, particularly during sleep. That a relative potassium 
deficiency was present ma.y be inferred from the fact that daily sweat 
losses of K am.ow.ted to approxinately 50 percent of intake without a corres-
pondingly large reduction in urinary excretion. These sweat losses of K 
were not replaced in the drinking water as were those of sodium. 
Interpretation of changes in intracellular fluid volume is compli-
cated by the lack of consistency ~ong the test subjects. In those 
instances where a decrease was found, th~ outgoing potassium was apparently 
accompanied by water, a patter.n characteristic of dehydration (33). Whea 
no change was observed, there ma.y have been an ent;re.no.e of sodium. and pos-
sibly hydrogen ions in exchange for the lost potassium. That such a 
11oation e:x:ebangeu can occur has recently been reported by Darrow!!&!_ (25) 
and Cooke ~ e.l. (21). Although Black and :Milne found increased extra-
cellular fluid volumes ("Eop-oU) with simple K deficiency, Cotlove and co ... 
workers (22) failed to find changes in muscle cell water of potassium-
deficient rats. It is possible, therefore, that in those subjects who ex-
hibited UQ loss of intracellular water, cyclic dehydration was minimal, 
and loss of intracellular K was due largely to mild potassium deficiency. 
The results of this study indicate that loss of intracellular water from 
intact cells is not an integral part of the acclimatization process. 
The expansion of the EOF during the first four heat Qa.ys was accom-
plished by renal retention of Na, 01, and water; the latter to a varying 
extent, depending on whether water left the cells. Although the data a~lWi'­
not permit inferences beyond this point, it is interesting to speculate 
on two -questions: (a} What caused the marked renal retention of sal i; 
during the first four days? and (b) What forces acted to maini;ain i;he 
resulting expanded EOF with little i'Uri;her change by the las'(; heat day? 
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Physiologic si tuai;ions which are known to give rise i;o renal rei;en• 
i;ion of sodium are: (a) dehydration, (b) potassium deficiency, (c) reduced 
glomerular filtrai;ion rate, (d) eli;ered disi;ribution and volume of body 
i'luids (e.g., by erect posture), and (e) adrenocortical hor.mones with 
DCA-lika activity. Dehydration and mild potassium deficiency have been 
discussed. Although glomerular filtration rates were not determined, .there 
were undoubtedly periods of lowered rates, especially When exercising during 
the first four days, before blood volume had increased. Smith, Robinson, 
and Pearcy (82) ebserved decreased glomerular filtration rates in men 
during exercise in the beat C-19%). When the ~n were dehydrated tb3ir 
rates fell 51 percent. Altered distribution of body fluids with erect 
posture has been show.n to lead to marked renal retention of sodium (58)e 
In the present study exposure to heat resulted in an aeui;e redistribution 
of blood, aooampanying peripheral vasodilatation. This beo~e even more 
acute during exercise, when muscle blood flow increased. These four factors-
cyclic dehydration, mild K deficiency, decreased glomerular filtration rate 
while walking, and redistribution of body fluids - were all present, and 
undoubtedly played varying roles in the renal conservation of salt• 
.I!Uthough there is no dearth of ~ohanisms that can reasonably ex-
plain the rtexcessiveu renal conservation of Na and Cl, it is difficult to 
explain the increased salt excretion during later day§ and the maintenance 
of the expanded ECF. That the kidney is the u final common pathwatt is 
c~ear tram the data (Figure 11); however, any discussion regarding mechan-
-
isms af'feoting this "pathway" is speculative. 0£ the five .f'actors mentioned 
above, two - cyclic dehydration and mild potassium deficiency - were pres-
ent throughout the heat period, and can probably be excluded as major adap-
tive £actors in the excretory pattern observed. The cumulative 1t defi-
ciency was not at its maximum by the f'ifth day, 'When the major adaptive 
f'luid changes had aocurred. The Na/K ratios may eonstiiiute eviden~e o:f 
increased adrenocortical activity, but no confirmation was obtained f'rom 
other indices measured. The lower urinary ratios may be a passive re-
f'lection of' the effect of other, non-adrenal, f'orces, whereas the sweat 
ratios may reflect the ef'fect of purely local skin :factors. No statement 
can be made regarding pessible changes in glomerular f'il tration rate during 
exercise. Twenty-f'our hour "oreatinineu excretions showed no consistent 
trend throughout the study, nor did plasma levels of' "creatinine". This 
suggests no marked alteration in daily f'iltration rate. 
Recent work indicates the existence of' one or more central homeostatic 
centers that are sensitive to volume changes. Thus, it has been shewn that 
compression of' the neck veins can partially prevent the decreased sodium 
excretien of' the sitting position (58). Lombardo eii~ (59) .fouudthaii 
removal of' small amounts of' blood f'rom sitting subjects caused reduced Na 
excreiiion which was prevented by compression of 1fu:e neck. Levi-tit and 
co-workers (57) have reported increases in inulin space ( -16%) when venous 
return .from the leg was obstructed by blood pressure cuffs around the thigh. 
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In .fi. ve out of seven sub jeots there was an accompanying reduction of 
sodium excretion which was correlated only in part with reduced filtra-
tion rates. Peters (70) has suggested that the volume of the ECF, or 
same associated factor is a stimulus to retention or excretion of sodium, 
apart from osmotic effects. This is supported by the fact that simple de-
hydration leads to a decreased ECF and increased serum sodium concentra-
tion, but with a paradoxical persistence of decreased sodium excretion (66) •. 
Strauss and co-workers o.bserved a "water diuresistt in response to 
isotonic expansion of the ECF by infusion of three liters of 0.9% saline 
to recumbent subjects, but failed to elicit a diuresis when they repeated 
the experiment on sitting subjects (86). They concluded that antidiuretic 
activity may be diminished by simple isotonic expansion of the ECF, but 
that such diminution is dependent on the distribution as well as the magni-
tude of the expanded ECF. In another study, the same authors caused hypo-
tonic expansion of the ECF by infusing hypotonic saline (112 mEq. Na, 
90 mEq. Cl and 22 mEq. bicarbonate per liter) into water-loaded subjects (92). 
In recumbent subjects~ they observed an increased rate of excretion of Na 
and slightly higher urine flow, with a rise in urinary sodium concentration • 
. When similar expansion of ECF was induced in sitting subjects there was 
little change in either sodium excretion or concentration in the urine. 
From these findings the authors concluded that the receptors responsive 
to an expanded ECF (or an associated factor) may lie in the cephalad portion 
of the body. They further postulated that "contraction of ECF (or an 
associated factor) may be a stimulus for sodium retention». Although these 
workers found increased plasma volumes in all their experiments, the mechanism 
affecting sodium excre~ion may not be related to this factoro Thus, 
Welt and Orloff (95) found no increase in sodium excretion when plasma 
was expanded by infusions of iso-osmotic albumin in saline. However, 
they noted a marked diuresis witho.ut change in "creatinine" clearance, 
suggesting that inhibition of antidiuretic activity is partly dependant 
on changes in plasma volume. 
It appears, then, that there may be receptors that are sensitive to 
changes in the volume of the extracellular fluid volume (or some associ-
ated factor). They apparently maintain the homeostasis of fluid volume 
by altering: (a) antidiuretic activity, and (b) renal absorption of 
sodium. That these receptors are probably located in the cephalad region 
of the body is indicated from the effects of alteration of posture and 
compression of the neck veins on salt andwater excretion. The location 
and characteristics of these "volume regulatorstt have not been demon-
strated, and the intermediate pathways between volume changes and. renal 
responses are unknown. 
It is felt that the changes in the extracellular fluid volume ob-
served in the present study may be partly due to activity of "volume re-
ceptors". On this basis, the following hypothesis is proposed. When men 
are abruptly exposed to heat, there occurs a marked increase in the size 
of the vascular bed (due to peripheral vasodilatation) with no initial 
corresponding increase in blood volume. As a result, there is an acute 
redistribution of body fluids, away from the cephalad region. In addition, 
the sweating process results initially in a reduced interstitial fluid 
volume. When work is performed, the vascular bad is further enlarged by 
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dilatation of muscle Yessels, and the redistribution of fluids becomes 
even more marked. :Chis stimulates "volumereceptors" to cause renal 
retention of salt and/or .water. As a result, the ECF (including plasma 
volume) is expanded with a consequently reduced dislocation of body fluids 
during both rest and exercise. When the ECF and blood volume have expanded 
to a point at which "normal" fluid distribution is again attained, this 
stimulus to excess sodium retention is removed, and the kidneys excrete 
sodium and chloride in greater amounts, conserving only enough to maintain 
salt balance in the face of continued sweat losses (Figure 11). .Mainten-
ance of the expanded ECF is now achieved by ~he integration of volume re-
ceptor activitywith the balance of forces which normally act to maintain 
salt and water balance. That the body can resist marked over-expansion 
of the ECF is evident from the work of Stewart and Bourke (85), who in-
fused a total of 26 liters of saline continuously over a four- to five-day 
period. They found that, as the infusion continued, thereware smaller 
increments to the ECF with a. given amount of saline; finally, there oc-
curred a decrease in ECF despite continued infusion. 
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Although other stimuli for sodium retention were present (e.g., cyclic 
dehydration), they probably continued, pari passu, throughout the heat 
period, and exhibited no adaptation referable to the acclimatization process. 
It should be noted that the increased ECF and excess sodium retention oc-
curred during the period of greatest improvement in cardio-vascular and 
thermoregulatory responses. 
The character of the changes in plasma. volume merit soma consideration. 
This volume was higher on the fifth heat day than on the fourteenth. This· 
may have been due to the increase in total circulation protein seen on 
the earlier day, and the subsidence to control values found on the last 
heat day. From the data of this study, no statement can be made regarding 
the source of the added protein or the cause of its subsequent disappear-
ance. However, recent work of Wasserman and Mayerson (93) provides some 
clues. Using radio-albumin, these workers found increased lymph flows 
and increased rates of return of albumin to the circulation in dogs who 
were infused with 250 to 2000 ml. of physiological saline. Infusions of 
less than one liter resulted in increased total circulating albumin. 
Larger infusions were accompanied by reduced circulating albumin which 
they attributed to increased leakage of albumin from the capillaries. 
They found that, with infusions greater than 250 ml., no further increase 
in blood volume occurred. Using radio-iodinated albumin, they found no 
evidence of increased albumin production during infusions. They concluded 
that, with small infusions (less than one liter)., there occurred an in-
creased flow of lymph of the same compositions aB controls; this resulted 
in increases in total circulating albumin. With larger infusions, there 
was a relatively faster return of water and non-protein solutes from the 
lymphatics. As a result of this rate differential, plasma·protein con-
centrations fell and total circulating proteins decreased to control levels. 
Saline infusions in man have also been shown to give initial increases 
in total circulating proteins follawed by a drop (85). In the present 
study there were very 1 arge exchanges of salt and water, accompanied by 
an increased vascular bed. These circumstances may have brought about a 
situation analogous to a small infusion of saline, with an increase in 
total circulating proteins. AJ3 the large exchange of salt and water con-
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tinued~ the cumulative effect may have simulated the larger infusions of 
Wasserman and Mayerson1 with a consequent drop in circulating protein. 
Adrenocortical Activity: 
The data from this study do not support the theory1 proposed by Conn1 
that acclimatization to heat is brought about by increased pituitar,y-
adrenal activity (13). This theory is based on an assumption and an 
analogy. The assumption is that the acclimatization process is primarily 
one or salt conservation via reduced sweat concentration. The analogy 
is with some of the known metabolic responses of increased pituitary-adrenal 
activity1 mainly negative nitrogen balance and decreased sodium losses. 
No measurements of indices of adrenocortical activity were made by Conn 
in his heat studies .. 
The data on adrenocortical indices in this study have been described. 
The eosinophils1 total leucocytes and 17-ketosteroids showed no evidence 
of increased activity. The decreased sweat sodium concentrations~ urinary 
excretion of sodium.1 and negative nitrogen balances are in agreement with 
the findings of Conn (13). The decreased sweat sodium1 hawever1 could re-
sult from lower skin temperatures. Decreased urinary excretion of sodium 
has been shown to occur in patients with well-validated Addison's disease 
in response to injections of hypertonic albumin solutions (95). There-
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fore1 the altered electrolyte patterns in the sweat and urine during the 
£irst £our days do not necessarily reflect increased adrenocortical activity. 
Regarding negative nitrogen balance 1 it has bean shown that~ although the 
presence of an intact pituitary-adrenal system is necessary for the cata-
bolic response to stress, its role may be permissive1 and may not act by 
way of hypersecretion of hormones (34). Ingle 1 Ward and Kuizenga (48) 
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have shown that the characteristic negative nitrogen balance following 
fractures in normal, but not in salt-maintained adrenalectomized rats, 
occurs in the latter when given a constant maintenance dose of adreno-
cortical extract. The negative potassium balances were probably not due 
to increased adrenal activity. 
The failure of other workers to obtain accelerated acclimatization 
1 
in men pre-treated with DCA (76) or adrenocortical extract (69) indirectly 
supports the concept that the acclimatization process is not the result 
of increased adrenocortical activity. 
Although the presence of a functioning pituitary-adrenal system is 
undoubtedly required for successful adaptation to heat, the results of 
the work reported here suggest that increased activity is not a prepotent 
adaptive mechanism~ 
GENERAL DISCUSSION 
Acclima1:;iza1:;ion t;o heat; is accompanied by adaptive changes in several 
different physiologic funct;ions; the result; is an improvement; in thermo- · 
regula1:;ion and cardio-vascular funct;ion during daily work periods. The 
major physiologic adapt;at;ions occur wi1:;hin a few days in all cases, as 
does a marked increase in abilit;y t;o function in 1:;he heat;. Thus, the e.c-
clima1:;iza1:;ion process behaves like a single physiological ent;ity. The ques-
tion arises 1:;hen, whe1:;her several different; physiologic £unc1:;ions are 
adapt;ing simultaneously, or whe1:;her a single mechanism is 1:;he prGpotent 
fact;or. Various workers have at;t;empt;ed t;o explain acclimatizat;ion t;o heat; 
in t;er.ms of one or two observed responses, e.g., increased sweat; rat;es, 
decreased sweat; concen1:;ra1:;ions of salt;, alt;ered sensi1:;ivity of a cen1:;ral 
t;her.moregulat;ory cent;er, ~d increases in blood volume. MOst of these ex-
pla.nat;ions have been based on experiments in which only one or very few 
responses have bean st;udied. Furt;hermore, 1:;he responses st;udied have been 
referable largely t;o the result;s of acelima't;ization ra1:;her than to under-
lying mechanisms. 
The findings of the present; si;udy support; t;he content;ion of Taylor, 
Henschel and Keys, (90), that; "the most; important adap1:;a1:;ions 11 are 1:;hose 
ooncerl\Eed wit;h cardio-vascular function. These authors found that 1:;he major 
improvements in temperature regulat;ion and cardio-vasular responses occurred 
before appreciable increases in sweat rat;e with exercise took place. They 
concluded 1:;ha1:; the improved body t;emperat;ure was the result of blood volume 
changes which permit;ted a more rapid t;ransfer of heat; from 1:;he body core 
t;o 1:;he surface. Their finding of improved performance before the occurrence 
of markedly increased sweat; rates is confirmed in 1:;he present; st;udy. 
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Although increased sweat rate for a given rectal temperature is 
probably not an important factor during the early da~, it is obviously 
"beneficial" in making more sweat available for evaporative cooling during 
later days. Further.more, the more dilute character of the sweat reduces 
· solute losses for a given sweat rate, and per.mits readier evaporation of 
sweat water. This adaptation might have significant survival value over 
protracted periods of hard work in the heat, in. terms of increased evapo-
rative cooling and improved ability to maintain salt balance. The mechanism 
for the increased excretion of a more dilute sweat is unknown, although it 
may be partly related to the lower skin temperatures known to occur during 
acclimatization. 
From the results of the present study, it is proposed that a reason-
able explanation of the marked improvement in ability to work in the heat 
is as follows.. On i:he first heat day the vascular bed was markedly en-
larged as a result of cutaneous vasodilatation; this was probably unacoom-· 
panied by an innnediate increase in blood volume. fith exercise, the in-
creased demands for muscle blood flow resulted in~~urther discrepancy be-
tween the size of the vascular bed and i:he blood volume. As a result, 
work in the heat was accompanied by early signs of peripheral vascular 
collapse; e.g., dizziness, very rapid pulse (F,±gure 1) during work, and 
probably decreased cardiac output (la). The increased muscle blood flow 
diverted blood from the periphery, and heat tr~sfer from the core to the 
skin was impaired, with a consequent high core temperature.. As blood and 
interstitial volumes expanded, cardio-vascular responses improved, and a 
lower core temperature was attained as a result of improved rate of heat 
to the skin. This was evidenced by the decreased pulse rates and rectal 
temperatures respectively. After maximal expansion of the extracellular 
fluid had occurred~ no appreciable further improvement in performance took 
place. .An important mechanism in this process was a renal retention of 
sodium and chloride~ during the first four days~ in excess of that required 
to support sweat losses of' salt. The possible mechanisms acting on the 
kidney have been discussedo 
Critical evaluation of' the literature and the results of the present 
study indicate that any attempt to explain the acclimatization process as 
the result of increased activity of a single endocrine organ is probably an 
over-simplification. Some of the metabolic patterns found during heat ex-
posure may be the result of cyclic~ acute alterations of the internal en-
vironment which are reproducible in non-heat situations~ (e.g.# negative 
nitrogen balance~ loss of intracellular potassium). Other responses, al-
though apparently beneficial, may be secondary to less obvious adaptations. 
Although one speaks of nacclimatization to heattt~ it would appear that the 
early dramatic improvement in ability to work in the heat is related more 
to protection against circulatory disturbance than against elevated body 
temperature. 
94. 
SUMMARY.AND CONCLUSIONS 
Results: 
An attempt has been made to elucidate some of the mechanisms under-
lying the process of acclimatization to heat in man. Studies were made 
of the effects of prolonged heat exposure on body fluid distribution, 
adrenocortical activity~ sv;eat composition and nitrogen and electrolyte 
metabolism. 
Five young men were acclimatized to heat by living and working for 
fourteen consecutive days in a chamber maintained at 120°F. during twelve 
daytime hours, and at l00°F. during the night. The heat period was pre-
ceded by three weeks of control at ?6°F. and was folloWed by eleven days 
of recovery at ?6°. The men performed a standard amount of work daily. 
The following measurements ware made: antipyrine, thiocyanate~ and T-1824 
spaces; sweat concentrations of Na, Cl, K, N, and creatinine; nitrogen 
and electrolyte balances; indices of adrenocortical ~ctivity (circulating 
eosinophils and urinary 1?-ketosteroids); pulse rates and rec~al tempera-
tures during exercise. Progressive dehydration and salt deficiency was 
minimized by replacing sw-eab, losses with 0.2% saline., 
Under the conditions of this study, it was found that: 
1. Successful acclimatization to heat was attained within the 
first weak. 
2. The sweat glands progressively excreted more water relative 
to all solutes measured during the first week, with little 
change thereafter. 
3. There was an isotonic expansion of the "extracellular" fluid 
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in all subjects. This was accomplished by renal retention., 
during the first four days., of sodium and chloride in excess 
of that required to support sweat losses of these electrolytes. 
The average increase above controls was 16% on the fifth heat 
day., and 15% by the last (fourteenth) day in the heat. 
4. Plasma volumes increased to a proportionately greater extent 
on the fifth day than did "extracellularu fluid volume; this was 
accompanied by an increase in total circulating protein. However., 
by the last day in the heat., the plasma volumes had dropped so 
that the average percent increase from controls differed little 
from that of the ECF. This was accompanied by a drop in total 
circulating protein to control levels. 
5e Total body water and 1tintracellular" water showed no consistent 
changes. 
6. Nitrogen1 phosphorus., and potassium balances were negative during 
the heat period and positive during recovery. Potassium left 
intact cells in excess of that made available from tissue break-
down during the heat periodo During recovery., potassium returned 
to cells in excess of that required for protein anabolism. 
7. Circulating eosinophil and total leukocyte counts did not differ 
from controls during the heat period. Urinary 17-ketosteroids 
ware lower than controls during heat exposure. 
Conclusions 
The major physiologic adaptations resulting in an improved ability 
to work during the early days of acclimatization to heat are probably 
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cardio-vascular in nature. The kidney has an important role in these 
adaptations. This organ nconserves 11 sodium and qhloride in excess of 
~ounts required to compensate for sweat losses~ with the result that 
plasma and interstitial fluid volumes are "isotonically" expanded. 
Increased activity of the pituitary-adrenal system was not a pre-
potent factor in the adaptations observed in this study. 
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4 2595 3.374 2936 ' 2532 2477 71.-91 66.88 61.90 5.3.64 56.32 
. ,• 
5 2654 2604 2736 2147· 2433 72.55 68.62 62.79 54.02 56.61 
.. ··''' 
.. 
. 
6 2616 2553 2448 2.510 2152 73.45 67.80 6i<.:66 54·07 57.66 
: . .. , 
-·. :··· -~ .• 7 ' •' 
7 g504 2288 'Z/76 2465 2163 73.32 '66.81 61.57 ' 53.05 56.52; 
8 2.551 24J..O 22.97 2299 1897 73.02 66,.93 61.66 .53-.·oo 56.22 
9 2280 2243 2446 2129 1775 72.85 66;84 61.64 53.46 s6 .. u·. 
ia ~49 25~0 2962 2469 2.507 72.31 65.68, 61.86 5,3 .. 25 55•79 
ll 2384 26oa 2220· 205,3, 1630 72.26 65.34 61.48 53.03 55.27 
12: 2,385 2514. '$0 2Q5fr, ·1920 72.63; 65,95 61.,26 53.1.3 55.76 
• .. '·. : .... 
13, Z736 2714 2'318 2828 ':166~. n.93 6.5.69 60.84, .52.69 ' 55.00 
. . ~ . . ' ' ... 
.. 
2476 -a62i 14 2423 2132' 1644 ·. ·}72.,.3l 6.S..83 61.10 $.36 .55.46 
.. 
. . . ;. . -~ .. 
,; •, .. .. 
'' . ··•· ' ; • . ~ ~ .. • l .•• .. 
" 
!;# 
,, 
II 
J! 
' I 
··j'i 
f)! 
'I' : ,; 
i' 
I 
,, 
I' II 
il 
.·.·.:-
.APPENDIX I o· .. ..,-,_;:~r: . 
':::_. ::, '•"a 
DAILY OAI.ORIO UlTA.ImS, MORNING WRIGHTS AND % BODY FAT DURING POST.:.HE.A.T (RECOVERY) 
Day 
1 
2 
3 
~ ·~ 
... >. 
DAILY O.ALORIO' INTAKE 
LI HA MO m BE. 
2682. 2834 2915 2585 22.61. 
2720 2896 Z798 2907-. 2884 
2417 2446 2490 2286 2108 
4 I 2870) 2747 . 2705 2624 2009 
5 . 2850 2984 3017 3161 1997 
6 . 2680 2810 2.536 2612 2426 
7 I 2480 2684 2239 2.5oo 2057 
8 I ~91 2948 2765 2871 3090 
9 I 2567 2466. 2546 2218 1509 
:.,·· 
D.AII:tY:M.ORNING WBIGHr .(Kg.) 
-~L . 
' 
·I.I 
.. 
- BA. MO ... NI HE: 
?~ • .32 66.51 61.,lJS''<_53.0Q·''55.;26 
72478 66.47 60.97 5.3.62 55.53 
72.~. 65.64 60.1.3 52 •. 68 55.06 
71e94 65.19 59.92 5'477 54.80 
~· . ,' .-. :. .. :~. ; 
%BODY· FAT 
LI HA. MO NI HE 
3.7 8.8 7*9 5.4 9.0 
~ 40i ... .. "' 
3.5 8.8 7.4 5.1 8,5 
3.3 8.5 6.7 5.2 8.4 
72•00. _64.89 59.65 52.37. 54~3_9 ., :, '!t·: . -~ oil. .. ... 
71.90 
71.72 
11.57 
65.41 6o.a6: .5~20 .· 54·.55·1, · •· 
6.5.33 59.11 . .5a~~6 54·$ .. 
.. '. (. ~ 
... 
' ~ ' :. . 
.... 
.... 
.... .. ... 
.. .. .... 
64.83 5~;~s 52~o2 54.81 3.-5 9.:3 6•7 5c1 8.1 
J .-' f . • • ~ 
71,.51 65~~2 5~-~~ll S~32 '?5_·~~-_J)•4 8~'4 6.9 5.3 8a2 
..... Y •' ,-. 
.p-•'_...- .• ·•• 
. ,•. 
. .• .' t~,"'.·,. '· .. ,.~ ...... ·,.· ·~ 
;~ .;:-:~·~~)- ~~~:.· 
<I 
''· 
.APP.mmtl. II 
-·; .. -
REOT.IIL mJPERATURES AND POLS& RATES AFTER HALFfifHOUR WALK AT 4 MPH (1200]'.) 
- ' 
'· 
Day Rl!DTAL mAP. ,0]') ·. .PUI..SI!t RATE (.per minute) · · 
in 
Heat Ln HA. MO NI m LI HA. MO NI :am 
1 102.3 101.7 101.4 101.,7 102.4 166 142 160 ~- ... 
~ 
.... 2 +II 101.5 1001.7 101.7 102~. 8 156 160 156 128 
3i 101.3 101.,2 101.2 101.7 101.1 1.58 156 160 152 140 
4 101.3 101.,1 100.4 101.2 101.6 130 150 156 150 130 ... 
8 100.3 100.4 100.2 100.6 100.,6 130 ~ ,J.JO 1.35 135 1.30 
9 100.3 100.4 100.-2 100.0 100.~ 128 1,32 :1,30 .136 1,30 
10 100.3 100,6 100 • .3 100.,3 100.,3 124 124 1,32 132 135 
. 
11 100~8 100.8 100.2 100.:3 100,? .... 136 144 1,36 128 
12 100.1 100.5 100.7 100.5 100.2 124 130 126 127 126 
14 100.7 100.7 100.5 100.5 100.2 
'-~-
.. .;o :• ~." 8 
.. ' 
..... -::· ['"-.; _.. 
' 
-~ 
. ,. I__!__--
;:\ 
APPENDIX.. -III 
S"vlEAT RATES WITH RXEROISI!t AND 24 BOOR SWEAT LOSSES DURING HEAT 
Day EXEROIS!ll: {GM/HOUR) DAILY SWEAT LOSS (Gir.1;(24 HOURS) 
in 
Heat LI HA MO NI 1:3 u HA MO NI Hill: 
" 
1.. 1179 1227 llL04 930 981 887.3 9286 10544 7603 8712 
2 1085 1404 1510 1216 1195 6965 9514 . 8312 918.$. 9482 
' 
3- 1256 1296 1196 874 lOll 11473 10.5.5.3 10.574 8787 5906 
4 1080 1329 1181 · ... 1112 96.5 .... ... ~ f!i. iOil-
5 .. ... ~ ~ ~ .,. 8 ~ 3 @. 
6 ... ... .. 
-
... 8367 93.51 9636 8275 8614 
7 .. ... ... llil>· .. 8071 9714 10372 8746 5865 
8 1297 1137 1185 1254 1360 9669 9304 9689 8418 88'a6 
9 1359 1506 l03l 1156 1012 105.3.6 1032.6 10418 8917 9679 . 
10 12.98 1271 1177 1173· 1328 10119 9489 9700 953.7 939~ 
.. 
11 1298 1495 1226 1120 1191 10071 94113 9827 8822 9091 
12 1273 1295 1358 \ 1196 1143 9987 10066 10.574 9935 994.5 
13 12,58 ... 1181 ... 1133 9469 9533 9609 8202 8802 
14. 1280 1322 840 1104 11.54 8489 9211 9079 7844' 8527 
.. 
. :. ~--·~ 
~ 
I' ~I 
'I i: 
·11 
II 
i 
II 
'! 
il . 
II 
•,. 
.. ' 
. ·--.'If:·. 
.. 
-~·. APPmi!DIX n' ·• a: 
~ ..... 
·.· 
L 
SODIUM CONCENTRATIONS IN SWEAT (meg/L) DURING mAT PERIOD 
·~ ;; . , ..... 
\mKING AT 4 MPH {120o.F) RESTING (l200Jl') RFSTING:(1000F) 
Dav 
,. 
l : . -: ... Mi',:=';~;:<.,r }. ill: EE LI EA • MO NI HA MO NI HEIIJ: 134.0 84.o 85.9 95.6 . w. 11..37.0. 12o.,o ~ 125.o 13~.a 
2 
.3 
4 
8 
9 
l!.Ofi.O 110.0 u.a.o 91.-2 loo.,o r 92·3 'm-·4 102.0 . 74•0 107.0 I 8.3.9. 7Z..O·: 6.~ .. ~: 40.8 ... 
. ~ ·• .. 
c : ......... .~./-; 
122,.0 74·5 66.4 68.,6 94•8 I 81.,3 57 •0 70.1 70o9 70.31 8~ ·:~ ...... ..... a 
69.8 89·7 77 .. 5 8o.o 76.,o I 77.2 67.5 56.6 68.6 92.41 ~ ..... :.;. Q 1it . 
.. 
.. 
80,.0 76·4 6o.o 69 • .3 8o. 6 I 6Z.3 56.3 50.2 51.5 58•9 I 71.,.1 · 72.3 30.9-. 38.o 60~5 
85.1 79·2 58.6 68.S 77•9 I 61.7 51.5 52.4 47.a 56~4175.4 · 65.9 66!~ :'53.9 .5Q~ 
·- -~'-•, f~:r·::. 
\<::T 
v:'>.~~<;,;, 
.:~·':> 
. -.. ~. 
,"_, ~ 
·.-.! ,· 
JLO I 94e2 77.,2 73•8 81.8 91.1 167._4 67,.4 57,7 » 55•4. 62.4 
ll. I 82•8 75.1 7~3 77~2 83.6. 6o.a 6o.o ·64.8 58.2 64 • .5 65.5 
12 I 76.3 75.1 64.,6 74.6 79•0 68.,8 66,.7 61.6 .57,:6 67.1 I a 
68.8, 78~0 61if2 82.,1 
., ; .. ·. . . ., :-' ... 
63.o 52•? 73.7 8o. 9 ~ · ·· · 
13 
14 
~- :e. a • 
.. w ... & ~ 156.8 49.0 66~ 6o.o 63.7 166.6' 50.t6 58.7 · ·61.9 64_.0 
76.1 72•6 75.6 7.5.4 75.6 l64.a .59.4 67,.9 647 61.9 17?.6 62 •. 1 62.1 58,.8 59.8 
' .. 
.::• 
a 
H 
. 
APPENDIX IV h 
OELORIDE OONOENTRA"TIONS IN SWEAT (meg/L) DURING HEAT PERIOD 
.. ;·-- ·.·-
W1U..RING AT 4 MPH (120~) _ . - BESTING (1200F) --·- RESTING (100°F) _ : 
~ LI BA MO ·. NI HE LI BA. tvi_O · - NI HE U HA. MO NI . HE 
.. ' 
1 12a..;3 85~ 86.27 95.~.3183.5 ~31.,. . ~-- . - ·., 1~.1 ~ ~ .. ... ... ~ I 
a . ~94~· 113.9 lllB.o 88~14 98~9o · :a:6~~1 7o·~55 i~1.6 83;19 10.3-o· 78.75 75.85 6o.64 A • 
'-. ··. ~ ~ ~ . "' . . . 
3 .tail~~; .. 74·4.5 , 62.18 67.48 89.51 80:~6.3 6o.63 11.04 69.87 67.98 ~ .... ·9 .. ~· 
· 4 67.~3 87•94. 76.,87 8o.12 7.3.4-i 73.28 69.,18 64.2.3 68.33 87.n ~ • .-. :~·;: ,.·· 
.,:.;.• 
8 77.72 71.06 58·93 69.,87 76.oi 61.50 57.90 49.71 47.49 57.23 A A 9 -~:::"· H 
9 72·94 72.69: 52.78 61.33 71.57 50.56 61 .. 33 .34·34 67,.65 74·14 47.32 79.'77 46.29 52.78 ·,· 47.66 
. ' . . ~~ ...... --. ;~~:~- .. -' . ... ..: . 
10 51.42 69.10 75.33 65.77 62.69 6o.81 65.60 53.64 51.93 49..S8 60 • .30 66.62 79.,26 6l:~84',._,.56.o3 
. ~· •. ,·, • ~ !.~-
11 72.94 70.38 65.25 71.92 76.o2· 56.o3, 59ttP2 59.96 53.41 60.1.3 59.96 65.08 51 .. 93.-: 69.87 -~58.76 
12 72.26 73.62 57.57 69.35 73.62 6o.64 62..35 56,.3t7 53.30 61,.50 .,. ... .;.," - ... - .. 
1,3 a "' ~ • "" 51.76 48.,,3.4 61.15. 55.86 58.25 62.35 53.30 58.42 62!01 , 62...52 
14 70.72 68.33 52.44 72.26 70.55 58.76 56.88 65.25 57.91 58.42 66.96 65.77 _614-15 57-74 56.03 
---- -- -------- ------ ----
e 
--~ ~, 
')fl 
., 
r.:: 
•.V 
• 
-..... 
.. -
Da.v 
1 
: 
2 
,3, 
4 
8 
9 
10 
11 
12 
13 
14 
··-
. _., ,,. :• . 
· .. 
.AIPPENDIX IV· e 
.\ ~~-, .. 
POTASSIUM CONCENTRATIONS IN SW&.T (meg/L) DURING HEJ!.T PERIOD 
- ... 
WALRING AT 4 MPH (12Go.i') RF8.l',l:NG:·(l_200Jr) . · 
' •• • • ~ :< • 
RESTING (1000Ji') 
'· -... 
. -
·Hk .. .. m: LI HA MO NI· mt u· HA. ·Mo- NI •.. u .HA· ··MO NI 
~:~ ,· 
9.-59 6.2.3 7.90 _8.oo 13.9 9.6o joo ·: :· too il(o 9·40 .. ... ··.•· . .-. • ... • I 
6.79 7·47 7e70 6.34 "' 6.29 7•24 7.1o 6.34 10.8 7.18 13.6 11 .. 8 5.37 ... 
10.6 7.,07 7.30 5~o2 a-..?o 6 • .3a 6.;29 8.8o 6.,80 7.40 ... o,l ~ ~ l!il 
4·89 8.,50. 8.o1 6.20 6.,3..0 5·59 6.8o 7.03 6.99 7.98 401 .. ~ IOl- .. 
4.02 6.42 5.6o 4,.17 5.,.J.2 3.77 6,.26 6.75 4·53 4a87 6.,57 10,3 6 .• 91:: .7.20 
' .. ·· 
8.68 
3·43 4·87 4·69 3•98 4·07 3·19 4-96 5.16 3·98 3.40 5.98 11.4 ~·:"'a· 10.8 6.87 
.. 
_3 .• 62. 4.20 4·99 4·10 4·28 3·30 5.50 4~80 8.54 .3•61 .3.92 11.8 1~0 w 13.1 
3·43 4·96 4.85 3 .8o 4· 27 3 .. 0l 5.20 4·99: 3.73 3.61 5.30 8~69 . 6.54 12,0 10.2 
3 • .31 5.28 4·34 3.96 3.79 4·00 5.73 4.31 3~50 3.47 ... .".;..,;: .' a · ·'a Iii> -~ ... 
~ @ ~-· .... ~ 4•25 4.98 5.74 4.3a 4··~? 5.62 '· 6'·~~ 6.43 9·47 6.65 
3·22 5.32 5.69 4.00 3.97 3·23 4.91 °5·57 4.00 3~7.5 
. ,• . ',;.; 
4-41 9~84 7.20 6.19 5.44 
' . . ~~ ,- . 
--- - -
--··- _ .. ____ 
,-0)." 
:·.;.. ·.•· 
M 
APPENDIX IV d 
'"·" J ,, • ~;f6 f:~ -~~';:_~;~~~-;. 
· • •. ,.:($ . 
~~: ... :{~:}?'' 
.':~ .... ~.:· .. _: 
I 
'\ 1,~,:: .. ; .,}:. :·: . ;-: 
,:--_· .::.. .• :··•"(' ..JZ:·' .•. ~ ~:.: =-~t.:.:· ~ ~\ 
.. ., .. -.,. .· 
~: ,.~ .. ·, .... ~--~ 
!, • '. 
-•. . 
.-,w• .. -... ;-~~~':· 
., 
NITROGEN OONC~ONS' IN SWEAT (mg •. %) DURING mtA.T PERJ:Oll) . 
,. 
:;:. . ~ WALBING AT 4 MPH (l200Ji')' RESTING Cl200Jr}" RESTING·_{;J.OO"Ft 
·:·}~~~ •: 
Jl)_ay LI &\ MO NI . -HE. LI·HA. MO NI Em LI ·. lfA_" . MO NI HE 
. . · 
, . 
... 
·;.-
" 
. :/:"-
.. 
1 7.3·4 49:-0 . 40;6 47;a· .. i1.o .. 9 152.6 132·9 ... 120•9· . .. .... ... .... ~ .. 
. --~ 2 47·9 6,3.0 45.9 52·4 6o.o 91.6 . 69.3. 54.9 61.-5 54.6 86.8 Oil. 11.3,3 72·9 ... 
.. 
·""·· ::;' 1" 
~ . . ' 
. .... 
3. 6.5.4 57.3 42.6 33a4 66.5 6,3.3 6ae..f·\74.9 76.o. 7.5.o ... -. .... ... .. 
. ' . . 
61.5 54·5 74·9 58.3 49·4' 78.0 
.. (, 
4 44·4 47.4 48 • .s 53.8 w ... ... .... ... 
.. . . 
8 31.8 ... 38.4 18.9 38.1 33·4 69·9 66.3 42.6 56.3 ,... ... ... ... Q 
9 26.8 .34·8 26.4 28.6 20.7 ~.-6 47·0 47·0 40·3 :?;3.1 66'.1· 13.5.0 ;t-59 • .5 124.8 90.1 
10 65.7 29.1 Z'/.-2 28.5 29·.3 99·4 56.7 57.1 36~3. 26.9 ~.2 114.3 145.2 98.5 ... 
I 
11 29.1· 35.3 27.9 23.8 .32.1 20.2 .53.7 47 • .3 3.3.1 35.2 5.5.3 103.2 61.3_..104.4 1~•a I 
12: 21 • .5 34·5 2,3.8 2.5.1 24·9· 62.1.· :6.5.5 47 .. .3 29·1 35 .. 1 
... 
.. 
. 
lot ~ ....... ~ i 
I 
-
1.3 .. ... til ... ... 39·1 65,.0 64.4 : 3.7 • 7 .51c3 61.,5 .. 69~·;1 75•4 96.4 75.4 I 
.. 
.. ~-.. · 
. . ~ ... · .... .:-. . 
63.2 I J.4' .. 22•4 ·. ,2.6, . 23.8 24·7 25 .. 5 34-4 51.6 31 •. 6 34.1 ... 45.7 124.0 65.~:· 63.5 
... 
.·· . ' 
' '" ~ 
'· 
i.,· 
M 
H 
· · ··: :· ·mEND!X IV e· 
CREATINiNE CloNOENTRATIONS IN SWEAT (mg •. %) DURING mAT. PERIOD 
WALKING AT 4 ~ 1200J RESTING (1200F) . BESTING (1000]') 
: -~-- . ' 
•:.·. 
0 ' '.· 
D.a.v I:! BA MO NI :am u a MO NI ..-~ · , 'mt~:' ·, LI· HAl. MO NI HE··· .  . 
., .. ,.·. ~ -~-- -·., -~-~-·~--·-:.··· • ··l'' · .. ·.- . , 
1 0.875 o.6oo Oc379 o.5o6 1.o1 0.,812 1.05 ... .. / '; .. 0~955 ° o. 744 a. ... .. t!!t·: . '; .... ,, 
. ·:.··. 
a o.500 :' 0.490 Oa428 0.,365 0,480 0.500 o.612 o.5o2 o.4.35 : • o.838 1.67 1.43 0.718 fo;l 
3 0.712 a.490 0.416 0.$16 0.456 0.500 Oc465 0.722 o.588 0.444 ~ Q .,. .. .. 
4 0.41~ ·: :8.575 o.5o2 o~482 o.456 o.638 o.-539 0.,649 a.684 o.624 1.64 .... <II> ... ..... 
8 o.489 o.657 0,.425 0,.33.5 ct.412 O,.lj.25 o.696 o.618 0.,489 0~425 1.o5 1 .. 32 0..,760 1.05, 1.,?0 
9 0.322 o.:29:6 · ... · o.335 o,322. a.;a.s:a Oe544 0,.558 o~ 725. 0.,544 0,.279 1.11 1.,48 1.97 2.22 1.o8 
10 0·293 0.293 ;0.418 o.6~ o.293 0.389 ·a.522 0.1J.S6 o .. lJ33 0.278 1.,18 1.,38 ° 1.59 1,.26··:. 1.70 
._, 
• 0 
-~+ . 0.3,36 o.38~ o•322 o.278 0·244 0,.,532 a.657 o.5o9 o •. 6oa o.294 1..19 1.16' 0.702 2#:34 1.8o 
··-·· 0 • \~-·" ·o .. 39& a.lj3o a • .5.32 a;.3.4a 0.294 o.5oa 0,.494 o • .5J.9 0·2.39 0.,.3J.8 .. ... lit .... t;& 
' ·~ '·.::~ 
: 
13' ~ .. ... ~ ~ o.644 o.5o6 o.588 o,.5oG o.3ao o.B31 o•65o o.7o6 1.39::' 0~900 
l4 0.317 0.,,387 0.,300 O.-l52 o.288 0,..,387 0,.466 0..,340 o.404 o • .34o o.646 1.22 o.750 .1.34 o.715 
--------- -- -- --
-------~ 
-------
~':_.I>' 
0 •• ',:- .:- ->.~:~~{.?>;;:: 
a 
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' ··. 
Control 
2 
10 
12 
"!~ .. · ... JJ5 
Heat 
.5 
10 
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:.??·<~ Recovecy 
3 
I 
12-
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.: ~ ~· 
_ .. ,}Jt'o' 
··_;•. 6/l 
APPENDIX V 
SERUM ELECTROLYTE CONCEI\"l'RATIONS DURING .ACCLIMATIZA.TION TO HEAT 
-;.f.· 
POTASSIUM MEQ/LIT.ER BODitmii MEQ/.LI~ 
LJ: ~ MO NI HE: lt.I m MO NI HE 
3. 91 11;.24 4.22 4-45 4.02 1411;.5 142.0 143·0 141.7 144.5 
4·~ 4·.36 4·39 4· 71 .3.88 140ll5 144;.0 142.0 145.5 142.5 . . . 
441:2 4a.l5 4o08 3t~97 3,81 .148:1 145.6 147.5 147.5 143.1 
3...82 4.~ 4 •. oo 4 .. 2.3 3&6o 144·4 144~8 147·6 140 .. 0 147.6 
3.98 4.61 4•17 1!J.o8 3a98 '142.3 146.o 141.5 142.9 143.5 
.3 .. 65 3.,80 3•.84 3•.97 3•98 15o.o 153 .• 4 149·.5 l.So.o 15o.s. 
3'.89 4.01 31183. 4.08 4·29 148.2 15o.o 141.8 145.3 14,5.,6 
4!t- 4·.34 4.12 4.10 4·2.3 a 144•4 140.0 148*6146.8 
:· ~. .. ·• · .... 
•• • 1t '"•'~ "I• 
:"·;:,: ·~·· ~.;; ( ..... ~ .. 
.. ~ ; 
.· 
·· .. 
. ·· ., 
-CELORilE M]lQ/LITER 
LI HA MO m HE 
.. 
·110.8 11o.o 100.,9 107,5 ... 
103.0 l05 .. ~:.lQQ.4 .102.2 108.2 
·:·: .·~ ~-:~· ~ ·:·~ :·.· . .....~;< .. · 
101.6 110~8 102i0 97~2'·105.5 
·' ... ~ 
105.1 114.1. 104«:~~i96.o 103.2 
. .. 
11o.o 11o~a1i.i•;:~.-.'i&j:~~, ·J:.o6~:3;~ 
. ~ , .. , 
. "j 
108.8 112 •. 7 108:.4 110.6 10.5·3.1 
103 .• 0 :L03e2 102.,6 10.5.3 104~6:<;1 
~ 106.7 101.1 108.8 106.1 
:.1/:= 
.-.;·.' 
.. •·. ~ . 
.~;;:·:; 
. .. 
... 
'-::..• 
.l·· . 
I>< 
~ 
H 
I , 
·~ 
I • 
I ! l 
----~---:-~--
~ .. . 
QPENDIX VI 
.. ; . 
..... . ~·-· 
-;,;:· -~-·· ;~ .. ·.. ·. -.· 
. Period 
SJld 
Hl!MOGLOBIN .(OM. %) HEMATOORIT (,%) . _ · ~·· :. : " .. · · .:/ ~ ~ -·:~::.:.S~~li~~~, . PI.ASMA.-Pijar:EINS- com •. ·ta).c.;{.· u'·fZ)~:~:. 
. , . , ... : .· . . ........ ~: ~ :· =~·: '(>:':~~~;S~; 
D• 
Control 
1 
2 
5 
8 
10 
. 'LI HA. MO NI HE 
15.2 13.6 14·9 l4·9 13.6 
15.2 13.5 15.2 15.1 14.4 
16.4 14.6 14.2 15,.0. 15.1 
15.3 13.7 15.7 13.1 13.4 
14•7 12.3 14a8 12a8 14.6 
U HA MO NI BEl: ., · LI · HA . MD NI HE · "' , .. : ·. 
44•8 42,4 44•9 42,9 42e9 
46.,o 41.0 42.4 43.4 40.1 
48.2 40·4 43·2. 43.2 42·5 
46.1 39.2 43.1 36.6 40.6 
... 
.,. 
... .. ... 
6.j 6.5 6.4 6.5 .6.9 
' . . . 
6~6 6.5 6.5 6.9 6.2 
6.9 7•2 7.0 7a1 6,.8 
6.5 7.0 6.5 6.9 7.2 
6.9 7.0 6.7 6.2 6.9 
12 I 15.6 12.4 15.1 15.1 13.9 I 48.4 38.7 42.7 4,3.6 43·9 I 6.7 6.8 7:•2 6,8 6.9 
6.o 6. 
15.2 13.5 13,.0 14.o 13.7 I 45-8 39.6 38.4. 40.4 41•7 7,2 7.5 6,.8 6.5 1.o 
3 I 14.3 12.8 13.2 13.2 14.2 I 42.6 36.9 38.1 38.8 40.6 7.1. 7 ,.2 7 .o 6.9 7.2 
4 
5 
8 
12 
14 
1 
Post .... 
Heat 
14.2 12.6 12.1 12.9 12.8 I 41.o 35.2·· 35.5 36.4 36.o I 6.9 6.7 6.5 .6 .. 2 6.2 
13.1 11.6 12.3 12.1 12.7 
12.9 . 1i.6 12.0 13.5 12.9 
13 . .,2 12.o u.8 13 .. 4 13.0 ~-
13.5 1~1 12,4 13•3 12e7 
11.6 12.0 
40.5 33.7 35c4 31.5 31 .a 
31.8 32.8 34·1 36.9 3.5.2 
38.8 .34+7 35.8 36·7 37.3 
.3S.s:''~-34•6-- 3.5.o 36.a 37 .a 
. ; ' ' -:. ; .. :- _;:, -~- : .. .. -: ...... ; ... 
6.9 6.5 6.o s.a 6.5 
5.8 6.4 6.2 6,.0 6.o 
6.1 6.5 5.a 6.2 6,.o 
6.2 6.7 6.3 6.3 6.4 
2 l12.9 12.2 12,,9. 12.6 12.2 40.3 36.4 38.4 36.4 36.7 6.o 6.3 6.3 .. 6,.1 5.5 
6 11,3..6 13.0 13.5 13.5 13.6 42.1 39·3 40.2 40.5 39 .. 1 6.2 7 .o 6.3 6.5 6.5 
8 13',.8 12.7 13.8 13a4 13.3 42a9 38.1 41,.7 4la2 40a0 I 6.3 6,.4 6 .. 4 6.5 6.5 
]lQ ... 1':1A2 1':1 ... 6 l.lt.J:l 1'~ .. ~ ~ -,.8.1 
c 
~ 
APPENDIX 'VII 
-il ;~~t<:':' :,,,· ' 
, . :::~/~· :::> .. :_' . ~~ P~e-r-:-i-od:---..,-1---,.---:T~m~:AL=-.-=-uu=El~OOY=TES="'/ c-u-.-Illlll-,---r-~ -~E~OSIN=:-::OPHILS==v-=-c-u-.-mm-.-----r~ 
·' 
;I 
& 
D LI HA MO NI EE. LI HA MO NI :am; 
Oontro1 I .... 
l 4125 6812: lO~OO 7438 6175 l:l4 ·~ 19l 236 155 
2 I 5025 6788 10250 8288 5550 133 300 309 290 3:76 
3. 
4 
5 
6 
Heat 
1 
2. 
3 
4 
5 
6 
7 
8 
Post .. 
Heat 
1 
2 
3 
,, 
.3850 7050 792.5 7800 6762 
4600 6325 8388 9700 8038 
4425 6912 8900 8038 7100 
5625 6o88 8050 8400 
6488 5575 1~012 8600 7325 
4625 4788 10550 8600 700a 
170 329 288 275 160 
132. 313 3.26 377 200 
116 442 377 291 219 
1o6 31.3 294 23.3 ~a 
210 2'1.8 
84 232 45.3 226 205 
150 304 309 218 264 
5850 6150 10588 
4238 5725 8100 
4650 6138 8888 
4712 ' 5062 8512 
8712 7362 . I .. i48 245 361 266 265 
... 4450 
6525 6225 
6150 7125 
5162 6712 8850 7065 6025 
500.2 . 686,3, 9150 846.3 6950 
5420 8225 7750 8800 7088 
4100 5688 8650 9338 5275 
... ~~?~ ?~~0 ' ?67~ ~~~8 
167 250 353 ', .. 254 
'·· 
·148 .. j99i: >~aati 
129. : :: 3~~,';· .: ':·~~5 
217 
Z74 
194 
288 
148 307 372 ,318 315 
216 
135 309. 438 293 205 
128 193 270 285 Z72 
2g3 570 565 412 307 
.. hl6 k71 ~76 297 
····. •, 
.. 
~ 
.... ,) 
~:,~~ 
,;~ ·{~ 
•>·.~t~ 
' "~ 
.. ~~ :~:·) 
..... 
:·;;:1}. 
·i>ijj. 
-~~t!· 
l~~i; 
·~·· ';~"\· 
'','' 
Period 
and 
Day 
6 
7 
8 
.-( 9 
0 10 .. 
il 11 
0 12 C) 
13 
14 
1 
2 
_;j__ 
4 
5 
5 
+' 7 d 
0 8 
"' 9 
10 
11 
12 
13 
14 
1 
2 
~ s 4 
~ 5 
0 6 0 
.l! 7 
8 
9 
Nitrogen (Grama) 
Intake Urina Feoea Sweat 
13,8 8,4 2,1 0,5 
16.5 11,7 2.1 o.s 
13.8 11.0 2,1 o.s 
17.4 11.7 2.8 0.5 
16,4 
--
2.8 o.s 
17.9 13.0 2,8 o.s 
14,6 13. 1.2 0.6 
16.2 12.4 1.2 0,6 
13.7 11.4 1.2 0,5 
15.7 11.2 1.4 7.1 
3 2 13 4 1,4 4.2 
50 13 2 1 4 6.2 
11.2 13.4 2.7 2.0 
13,7 12,0 2.7 1,9 
12.1 
--
2.7 2.9 
12.6 8.4 2,7 2.8 
4,9 6.5 2,3 2,7 
12.6 9,7 2.3 2,8 
11.4 9.6 2.3 6,3 
11,3 9.9 1.6 2,3 
12.1 6,3 1.6 3,8 
13,9 9.7 1,6 2,8 
12.2 10.9 1.6 2,3 
u.s 12,9 2.4 0,6 
119 
-9.8 2 4 0 6 
2 0 7.6 2.4 0,6 
16,9 10.8 2.0 0,5 
13.6 7.7 2,0 0,6 
13.3 9,7 2,0 0,5 
12.9 11.0 2,0 0,5 
u.s 10,8 2,0 0,6 
12,7 9,7 2,0 0,5 
·,,,; ..1~ 
~; . 
.. ~! '. 
:\•· .. 
- . 
,,·· 
~ ' . ',\·· 
I'\ ' 
''.. .. ; ~ . .i . ..:....~· ···----~·~~ :· :_l. ·~ ............. ~- .. '--~- - :' .t......... __ ,_ 
APPENDIX 
Metabolic Balances o£ Nitrogen, Htoaphorua, Potn.saiWll, Sodium, Chloride, and Water 
Subjeot Li 
Phoaphorua (Hi11igrama) Potassium. (Hi1liequiva1ants) Sodiwo. (Hi11iequiva1ants) Ch1orida (Hi11iequiva1ants) 
Balance Intake Urina Feces Balance Intake Urine Feoos · Sweat Ba.lanoe Intake Urine Feces Sweat Balance In taka Urine Feces Sweat &.lance 
+2.6 1663 918 496 +149 102.8 20,0 16.1 7,0 +69.7 183,2 82,0 1,0 16.0 "85,2 201.4 153,0 1,0 14.0 +33,4 
+2.1 1390 818 496 +76 87.7 60,8 16.1 7.0 +3.8 272.3 211.8 1.0 16.0 +44,6 276.4 210.7 1,0 14.0 +50. 
+0.1 1203 760 496 -53 77.4 62,7 15.1 4,0 -5.4 286,2 181.2 .o 4.0 + oo.o 2C • 204, .o _o,O - . 
+2,3 1607 739 665 +212 92.7 63,3 19.9 7.0 +2.5 261,7 260,3 4,7 16.0 -8,3 274.7 290.7 4.7 14.0 -34. 
--
1403 899 666 -62 88.0 56.7 19.9 4.0 -1.5 273.9 223,2 4.7 16.0 +31,0 271.9 246.5 4.7 14.0 +7.6 
+1.6 1416 866 666 +4 91.8 69,8 19.9 7.0 +5,1 259,9 234,3 4,7 16,0 +5.9 266;1 236.6 4.7 14,0 +10,8 
+0.3 1607 1031 630 -164 96.1 50,3 11.2 4.0 +20.6 232.9 173.8 0,9 4.0 +54.2 245,6 202,7 0,9 3,0 +39.0 
+1,6 1413 600 630 +183 83,9 56.1 11.2 7,0 -0,4 241,2 273,5 0,9 16.0 -48,3 252.2 297.1 0,9 H.O -59,8 
+0.6 1188 636 630 +22 72.2 67,4 11.2 7,0 -3.4 200,8 136,6 0.9 16,0 +49,3 199.3 170,0 0.9 14.0 +14.4 
-3,0 1446 525 404 +516 88,2 55,3 9,3 59.0 -36.4 440.9 61.4 0.7 842,5 -453.7 475.3 74,3 0,7 796,5 -397.2 
-6,8 1332 905 404 +22 82.4 53.0 9.3 35,9 -15,8 453.8 28.8 0.7 522,5 -45,7 507.7 65,7 0,7 494,3 -53,0 
-4 8 1263 771 404 +78 81.8 63,3 9.3 62.9 -43,7 489.2 11.7 0,7 800,0 -323.2 689,6 48.5 0,7 763,9 -223,6 
-6.9 1239 1249 670 -680 78.8 50,1 22.1 22,4 -15.7 423.6 9.7 1.7 323.7 +58 ,5 380,3 53,5 1.7 308,7 +16.4 
-2.8 1180 1023 570 -513 71.3 47.3 22.1 21.7 -19.8 268~6 38,2 1,7 262,4 -43.7 348.9 62,7 1.7 280,6 +14.0 
--
1277 
--
570 
--
75.1 
--
22.1 33,2 
--
337.1 
-- 1.7 654.2 -- 462.1 101.5 1.7 633.5 -174.7 
-1.4 1170 792 570 -292 76.8 35.6 22.1 31.8 -14.7 463,2 150,0 1.7 483,5 -192.1 476,3 21-4.6 1.7 670.7 -310.5 
+3.3 1190 694 638 -42 72.8 22.7 16.7 34,0 +0.4 498,3 112.2 1.2 541.0 -166.1 613,2 169,6 1.2 614.4 -15<.0 
-2,2 1088 891 638 -341 68,6 37.2 16.7 32,8 -17.2 621.1 104.8 1.2 606,9 -191,8 626,2 86.2 1.2 451.2 -13.4 
-6.8 1436 811 638 "87 85,1 33,6 16.7 28,0 +7,9 494,6 103,4 1.2 696,0 -205,1 610,7 132.8 1.2 465,5 -79.9 
-2,5 1171 637 348 +186 69,0 24.2 11.4· 28.8 +4,6 528,6 73,9 2,9 546,7 -94,9 635.3 106,8 2.9 479,9 -54.3 
+0.4 1230 780 348 +102 75,4 24.1 11.4 33,8 +5.1 600,0 116.8 2,9 671.7 -191.4 618.5 183,0 2.9 648,2 -216.5 
-0,2 1253 752 348 +153 81,2 f--i_1.7 ~~!·~-- ~~6-~- ~~ 128.6 2,9 622,5 -116,3 660,7 154.2 2.9 468.2 -94.6 
-2,o O<U a.-, 0~8 -155 60.8 36,6 11,4 32.2 436.4 106,0 ~9 471.0 -144.6 448.0 147.9 2.9 467,6 -1 0.4 
-1,2 1200 1063 646 -409 74.4 34.3 16.7-j 4,0 +21.0 210.4 123,7 2,7 4.0 +BO,O 218,7 151.0 2.7 s.o +50.0 
-os 1257 547 645 +54 79 7 34 8 i~~h 1_A +gg.La 174 7 183 7 2-7 2 0 -25 7 185.8 219 4 2 7 11,0 -47.3 +1,6 1180 623 545 +111 70,1 26,4 7,0 +21.6 185,0 159,8 2,7 12,0 +11,6 196,5 174.6 2.7 11.o "8. 
+2.6 1352 739 426 +197 80,7 44.3 13,4 7.0 +16.0 179.0 182.0 2.6 12.0 -17.6 199,1 196,8 2.6 11,0 -11.3 
-+3 • .3 1239 564 426 +249 78,7 40.3 13,4 7,0 +18.0 206.6 140,0 2.6 12,0 +51,0 218.2 153.3 2.6 11,0 +51.3 
+1.1 1259 937 426 -94 76,0 51.5 13,4 7.0 +4.1 196,6 178,8 2.5 12,0 +3,1 198.7 177.3 2.6 11.0 +7.8 
-o.7 1056 716 426 -86 66.4 55.5 13,4 7.0 -9,6 ~~·~6 1•-. ... 2.u -20.8 188.9 98,5 2.6 11,0 +76.8 
-1,8 1150 891 426 -167 69.6 61,3 
-l--W--4,0 ..:-w 172.9 127,0 2.6 4.0 +39,3 175.8 145.9 2.6 3,0 +24,3 
-!O,o 1316 653 426 +237 78.2 51.4 13,4 7,0 ~4 ~203.5 122,4 2.5 12.0 +56.6 216.2 162.2 2.6 11.0 +39. 
Watar (Hillilitara) 
Intaka Urina Feces Sweat 
3056 1040 79 2002 
4010 1642 79 2106 
""-47 1644 79 1834 
3945 1890 124 2182 
4209 2070 124 2033 
3666 1970 124 1579 
4425 2260 58 1973 
4288 2465 56 1994 
3815 1570 68 2194 
7612 679 51 9344 
9036 500 51 7436 
12103 630 61 11944 
7161 710 112 5892 
6602 700 112 5041 
9285 660 112 8838 
8992 560 112 8642 
10618 704 89 10140 
11179 730 89 11007 
11411 760 89 10590 
11300 565 78 10542 
11537 1755 7d 10458 
10932 670 78 9940 
9566 660 78 8960 
--
1368 99 2356 
3728 1914 99 2080 
3644 1646 99 1386 
2806 1565 82 1859 
2958 1120 82 1646 
2329 956 82 4 3 
2336 1212 82 2146 
3868 1834 82 1908 
3429 1460 82 1600 
•:, 
· ... 
Balance 
-65 
+184 
-210 
.-261 
-18 
-107 
+124 
-239 
-117 
-2362 
"849 
-522 
+447 
+749 
-326 
-322 
-416 
-647 
-18 
+125 
-764 
+244 
-33 
-365 
+414 
-710 
+120 
-13 
-1103 
+44 
+387 
..'i;·. 
·": ~~-~ 
«' .l
~ ~. 
t 
~{, 
'+ 
!~ .. 
·"--"'~~----- ~-----------------~~-----
APPENDIX 
:~~~r; Metabolic Balances of Nitrogen, Phosphorua, Potassium, Sodium, Chloride, and Wa.ter 
·~-1: 
....... 
·.:, 
!::t 
·ill,~, 
·/' 
,····· 
Jt.tJw. 
; ~ .. · 
Period 
e.nd 
Day 
6 
7 
8 
9 
.... 10 0 
~ ll 
0 12 
" 13 
14 
1 
2 
3 
+ 
6_ 
.. 1 .. 
.. 8 .. 
9 
10 
11 
2 
3 
14 
_l 
2 
i:' 3 
. 4 
~ 5 0 g 6 
"' 
1 
8 
9 
In toke 
14,6 
16.6 
13.8 
17.6 
17.0 
18.0 
14.7 
14.3 
13.8 
16.8 
10.7 
13 7 
11.6 
.10.5 
11.8 
12.2 
10.3 
11.2 
8.9 
10.2 
4 
10,8 
14 3 
13.4 
11.1 
14.0 
15.2 
13,0 
14,0 
14.1 
8,8 
Nitrogen (Groms) 
Urine Feces Sweat 
10.0 2.1 0,6 
9,8 2.1 0,6 
10,9 -~·~-~~-11.3 2,4 0,6 
13.0 2.4 0,6 
12.3 2.4 0,6 
11.1 2,8 0.6 
8,3 2,8 0.6 
8,9 2.8 0,6 
8,8 2.2 3,6 
9.7 2.2 4.6 
10.0 2.2 4,7 
9,5 2.1 2.9 
2 
6 3 2 1 3 7 
6.7 2,1 4.1 
7.3 2,3 2,9 
6,0 2.3 4.0 
7,2 2.3 3,8 
5.5 1.9 3.6 
5 9 1.9 3,7 
5 . 9 3 • 
6,3 1.9 2,1 
8 6 2 2 0 6 
8.8 2,2 0,6 
7.6 2.2 0,6 
11.2 1.6 0,6 
9.2 1.6 o.s 
9.6 1.6 0,6 
10,8 1.6 0,6 
11.3 1.6 0,6 
9,8 1.6 0,6 
Phosphorus (I"J.11igrams) 
Balance Intake Urine Feces Balance 
+1,9 1468 678 382 +408 
+4.0 1~90 689 382 +319 
~·3 1203 674 382 ~~ +3,3 1528 651 400 
+1,0 1255 957 400 -102 
+2,8 1431 1160 400 -129 
+0.2 1522 799 614 +209 
+2.1 1379 510 514 +356 
+1.6 1203 811 514 -122 
+1.1 1369 694 396 +279 
-6.8 1069 693 396 -20 
-3.2 1014 549 396 -69 
-2.9 1273 802 364 +107 
-2:0 1006 807 354 -166 
-1.6 1125 599 364 +162 
-1 0 1011 450 364 +257 
-o.2 1066 834 422 -191 
-2.0 932 594 422 -184 
-2,2 1257 597 422 +138 
-2.0 1032 630 358 +44 
~~:i-~ 683 358 -48 3 +226 
+0,6 942 706 358 -122 
+2 9 989 766 400 -177 
+1,8 1262 651 400 +201 
+0.8 1130 644 400 +86 
+0.7 1119 826 266 +27 
+3.9 1236 663 266 +407 
+1,2 1244 779 266 +199 
+1.0 1086 718 266 +1:12 
+0,7 1342 974 266 +102 
-3.1 1006 718 266 +22 
Subjeot Ni 
PotassiUlll (tlilliequhalents) SodiWil (liilliequi w.lents) Chloride (tlilliequin.lents) 
Intake Urine Feces Sweat Balance Intake Urine Feces Sweat Balance Intake Urine Feces Sweat Balance 
94,0 45,3 8,6 7,2 +32.9 224,6 196,3 0,7 23,0 +5.6 237.7 204.4 0,7 18,0 +14,6 
87.7 59,3 8.6 7.2 +12.6 272.3 237,6 0,7 23.0 +11.0 276.4 228,8 0,7 18,0 +28,9 
~·4 ~.7 8.6 4.0 +16.0 286,3 164,6 0,7 4.0 +117.1 200,2 180.9 0.7 4.0 +14.6 
99,2 69.6 ·11.2 7.2 -+15.1 263.1 267,2 1.0 23.0 -18.1 276.3 247.1 1.0 18,0 +10.2 
93,3 68.4 17.2 7.2 +0.5 274,9 282,6 1.0 23.0 -31,7 273.1 297,7 1.0 18.0 -43,6 
97.0 48,5 17.2 7.2 +24.1 280,6 229.8 1.0 '23,0 +6,8 266,0 237,0 1,0 18.0 +10.0 
101.3 53,5 14.0 4,0 +29.8 233.7 147.2 1.0 4.0 +81,5 246,5 174.7 1,0 4,0 +66,8 
86.3 63,0 14.0 7.2 +2.1 220.0 223.4 1.0 23,0 -27.4 232.2 215.1 1.0 18,0 -1.9 
77.4 58,2 14.0 7,2 -2.0 -wr. ;s .o "23", 
--
-""' 
""-'-u_ -
91.4 43,2 16,3 66,6 -33.7 440,9 66,2 0,3 619.9 -244.5 458.9 82.2 0,3 617,4 -246.0 
66,9 46,0 16,3 43,4 -37,8 463,8 36.7 0.3 506,8 -79.0 467.2 88,8 0,3 513,3 -136,2 
65,8 35,2 16,3 48.0 -32.7 489,3 39,7 0,3 460.41 -11.1 600,0 77.8 0,3 457.6 -36.7 
76.2 32.5 12.2 39,0 -7.5 423.5 71,6 1.2 408,9 -58.2 428.9 113,0 1 2 409,2 -94.6 
65 0 28 5 12 2 19.9 +44 258 6 149.4 1.2 145 6· -37.6 282.0 230,4 1.2 147.8 -97.4 
68,4 19,2 12.2 41.5 -4.5 337.1 122.8 1.2 431.0 -217.9 394,3 137.4 1.2 426,3 -170.6 
72.5 21.3 12.2 44.4 -6.4 450.0 119.1 1.2 452,1 -122,4 ' 460.8 142,5 1.2 447.7 -130,6 
67.6 22.0 14.0 32.9 -1.3 431,9 91.6 1,9 363,7 -25,3 I 445.2 102.6 1.9 382.0 -41.3 
61.7 19.7 14.0 41.3 -13.2 418.6 90.5 1.9 393.2 -87.1 'i 423,4 122.5 1.9 442.5 -143,5 
83.3 26,0 14 0 54,9 -11 6 459,5 117.5 1 9 528.7 -288.6 465,6 135 4 1.9 461.8 -lz4.6 
67,1 20.0 11.4 448 -9.1 415 6 89,0 1.6 477.2 -152,2 411.4 115.0 1.6 445.3 -150,6 
59.1 21.9 
-#4 41.7 ~ 429.7 91,9 1.6 487.9 -151.7 445,3 146,0 1.6 466,8 -169.1 86 6 22 8 114 36 6 +14 8 493 2 125.6 1;5 432.8 -66,8 504.2 137.3 1.6 41z. -4'{,3 
63,7 28,2 11.4 27.1 -3.0 375,5 98,2 1.6 414.3 -138!6 387.5 117.8 1.6 391,7 -51.6 
68,9 26 4 10 6 4 0 +27.9 180,3 150,0 2.2 4.0 +24.1 181,3 164.4 2.2 4,0 +10.7 
78.7 43,2 10,6 7.2 +17.7 188.0 222.2 2.2 37.2 -73,6 189,3 240.4 2.2 30.0 -83,3 
72.1 34.6 10.6 7.2 +19.8 170.9 204,3 2.2 37.2 -72.8 181.1 102.7 2,2 30,0 +46,2 
72.6 42.0 10.1 7.2 +13.4 154,9 196.2 o.s 37,2 -79,1 I 174,0 187.0 0,6 30,0 -43,6 
-~ 48.8 10.1 1,2 +17.1 208,8 197,4 0.6 37.2 -28,4 I 218,2 195.7 0,6 30,0 -8.1 78.9 48.4 10.1 7.2 +13.3 192.8 163,8 0,6 37.2 -8.8 196,6 162.0 0.6 30.0 +3,0 
69.7 58.9 10,1 7.2 -6.6 186.0 42.7 0,6 37.2 -4,6 20 • L55, 0,6 30, +LD,6, 
18.0 71.4 10.1 4.0 -7.5 218.7 122.6 0,6 4.0 +91.6 216.2 148.4 0,6 4.0 +63,2 
63.8 52.8 10.1 7.2 -6.3 141.2 166,0 0,6 37.2 -82,6 148,8 161,2 0.6 30,0 -43.0 
. ..... 
lle.ter (tli11iliters) 
Intake Urine Feces Swe11.t Balance 
3344 1130 69 2090 +56 
3660 1354 69 1911 +326 
2917 1602 69 1377 -131 
3346 1345 86 2023 -108 I 
3245 1335 85 1709 +116 
3836 1416 85 1822 +514 
3120 1410 105 1656 -61 
0>48 1760 105 1803 
- 86 
U'/U 
"u" """" -·· 8003 546 77 8118 -738 
10152 662 77 9700 -177 
11025 900 77 9302 +746 
9106 986 77 7722 .. 
5048 1410 77 3766 -zo5 
8350 625 77 8790 -1142 
9820 508 77 9261 -26 
9408 465 90 8933 -80 
9 B6 430 90 9432 -167 
1030 000 90 6 
9691 400 68 9337 -114 
10462 440 68 10450 496 
~~ 56 66 8 478 58 8359 -344 
2798 1393 81 930 +394 
2400 1206 81 2166 -1042 
2911 1036 81 1786 +70 r, 
2222 1650 54 1268 -650 .. 
3229 1760 54 1691 -276 
2852 1070 54 1795 -67 
Z18 1386 54 .792 -451 
3975 1637 64 2086 +198 
2306 920 ,.. 1840 -508 !r'~:+~ 
If , . ·;1 
i': (I: 
\>jf: 
~ t· 
~· .: 
/ 
~ ·1 
--
./· 
_'. 
) 
,;,~: 
<'!i' ~-:'/i 
··~. '• 
<;~._' 
(/. :' ~ I 
I-eriod 
and 
Day 
....2. 
7 
8 
r!o: 
u 
m:: 
ill.. 
1 
2 
3_ 
112 
I* 
_!_ 
·~2 I:' 4 t 6 i e 
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APPENDIX 
uotabolio Balances of· !litrobcn, .1:-hoal-'horus, 1-otaasiUlll, Sod.iw.~, Chloride, and \<later 
Subject He 
15
•
2
! 
11
•
2
1-
2
,
8 0
, 6 of0,6 1509 832 ~ +346 96.3 54 5 7.8 1.0 +27.0 23s.sl2o8.8T 1.4' 25,0 -tO 31246.21--1 -- T·22.J 1 340~ 129;1' 861 2264 j _233 I 
2
•
8 0
•6 -+4.2 1312 761 332 +229 79.o 35 1 1.a 1.o +28.s 276.8 165.4. 1.4 26 o +as o ' 284~otis6 1 1 4 22 o +104.9 __ 1433 86 
lh2. 
16.4 
18.0 
.a 
0
,
6 
_0 , 6 1189 924 332 -67 74 o 6 .8 7.8 4 o + o 4 286.1 177.8 1.4 4 o +102 9 11 196.7 1a2 3 1 4 3.o +1o.o 2894 1332 a5_l tsa· 2 0.6 +3,7 1629 6 346 -+497 99 9 60 0.6 7 0 +22 2 261.8 184.2 1 9 26 0 +40.7.....); 265J.1_?09.§\_hll22 • .Q.j. +31.&11- 403~ 188!J. 104 ~ 
f3,2 0,6 +1,2 1405 993 346 +66 89.8 70,7 10.6 7.0 +1,6 274.6!209.4 !·9 • _26.01 !~ 
3.2 0.6 -0,8 1416 1nn? ~•• +68 96.0 62.0 10.6 7.0 +16.4 267.6,279,0· 1.9 26,0! -4 
-3l 
19: 
47,! 
~.: 
-1-
-----=4 
= 
~ 
--: 
--:zc 
i::l -:.a 
"75 
6! 
9ii 
10: 
-i 
+S 
--=2 
-::;-
94281 -lC 
+2 
_+]. 
9
,
4 1 
7:01 
2
:-sT"3.(Lr -3. 1 11 744 1 ?oel 462 I -416 II -ti!!_.al 36-:2"112.71 28.31 -17,6 II 412.91 54,3, 1.7 1446,8J-=89.1ilr .1_24~_L'i9,3fl,7j4i_s.71 -76.-ij[lQ258T::_1<>aoL 90_1 92431 -1o6 
15
•
1
1 
10
,
3
, 
2
,
6 0
,
6 
•1 •7 1061 944 454 -347 ~72.6 50,1 12.2 4.0 +e.4 209.1 161.o: 6,5 4,0 -+46.6 205,6 169,2 5,3 __!&, +26.1 2661 2603 1461 1941 +9 1 
5 1 9 6 2
.1l 0 .~~_ •3 8 321 959 464_ _ -s7 81.8 69,5 12,2 7,CI +~1 183.9 197.6 5,:1--- _28,o -47.0 185,] ~s_.1 _s_,s 24.o· -99.5 4096 2116 145 2273 -436 "-+ 
7 2 6 0
,
6 
-t0. 6 1192 --642 464 +e5 78.6 29.2 12.2 1.0 +5o.~ 167.9 164.8' 5,3 28.o -40.2 169.1 111.2 s.5 24.o -n.~ 3263 1164 146 22szr -soe 
. 
3 2
' 
2 0 6 
•
2 4 879 510 294 +76 61.6 34 o 7 8 7 o +12.8 ll9.7 a7.a·_ o.7 za.o +23,3 170.7 102,6 o. 4,o +43". ..uu non ::!! 
• 2:2 o:6 "(),6 934 512 294 +128 60 6 42 9 7 8 7 0 +2 9 144.4 66.4· 0 7 28.0 +50.4 154.7 83,0 0_,7 24,0 -+47.0 -- 2793 980 66 rl 
'2.2 0,6 -0.1 1224 950 294 +20 79.7 72.2 7.8 7.0 -7.2 197.1 127,3 0.7 28,0: +41.2 196.7 133,4 0,7 24.0 +38.6 3306 1960 66 
+6 9 093 20 294 +79 66 57 4 7 7 0 -6 (\ 197 3 106,0 0.7 28.0 +62.7 196,3 104,2 0,7 24.0 +89,4 4136 1876 66 
+l 7 426 0 6 294 + 6 86.6 69 6 7.6 4 0 +14,3 231.9:143,6 0,7 4.0 +83.6 232,2 210,6 0,7 s.o +17.9 4212 2862 . 66 
-s.o 824 550 294 -2o 59.8 56,6 7.8 7.o -11.6 76.;),101.';), o.7 28.~ -55..!_ e4,3 141,4 o~~4.o ~._o 2444 1410 56 
:.5 
:.9 
-- 1~ lo:s 6,0 I 6,2 2.2 0,6 I -1 
~ 
.j 
~ 
'.' __ -., •·, 
. -~ 
_:·::~-:-'' '; !i· 
·-:/-: l ' 
.. : ..;.' 
'·) 
.;, -~-
•''•'\. ~~'~;<·:. 
f·' 
.,. 
{~:, 
'-.i 
Ji 
·.-t.• 
AI 
··i 
·'I 
':! 
.'.-<1 
-ii 
·\ 
. ~; 
·',:··.21 
-~il 
Period 
and 
Day 
6 
7 
8 
.... 9 
0 10 ~ g 11 
t.> 12 
13 
14 
1 
2 
3 
4 
5 
6 
~ 7 
0 8 .. 
9 
10 
11 
2 
l3 
l4 
1 
2 
s 
» ~ ~ 
0 5 t 6 0 
&! 7 
8 
9 
--
Nitrogen (GrBlllll) 
Intake Urine Feoes Sweat Ba.lanoe 
14,6 12.1 3.8 0,6 -1.8 
16,9 11.6 3.8 0,6 +1.0 
13,8 11.2 3,8 0,6 -1.7 
17.4 12,0 2,5 0,6 +2,3 
16,5 13,9 2.5 0,6 -<>.5 
18.0 14.2 2.5 0,6 +0,8 
12.7 12.0 2.1 0,6 -2,0 
16.6 
--
2.1 0,6 
13.8 10.4 2,1 0.6 +0.7 
19.6 11.6 1.9 6,6 +0.3 
16.5 10,6 1,9 3,5 -{),7 
17.4 13,2 1,9 6,0 -3.8 
13.7 9,6 4.1 3,6 -3.5 
13.4 10.0 4,1 4.2 -4.9 
14.2 10.1 4.1 5.4 -5,4 
15,8 6,9 4.1 6,0 -1.2 
14.3 9,2 2.1 5,0 -2.0 
12 8 8,8 2.1 6,6 -4,7 
14.7 8,3 2,1 5,5 -1.2 
12.0 9,8 2,5 3,6 -3,8 
4 5 8 5 2 5 4 6 -1 2 
2 9 9 0 2.6 4 0 -2 7 
4 9 7 2 5 2 8 ..09 
18.3 11.9 3,1 0.6 +0,8 
12.9 10.6 3,1 0,6 -1.5 
3.3 8 3 0 8 +1 7 
14,9 9,3 2,3 0,6 +z.s 
4 3 9 7 2 3 0 6 +1.6 
l5. 00 N 0 6 +2,5 ,, .2 .. 0.6 + 8 
12.5 10.8 2,3 0 6 -1.3 
11.e 1 s.4 2,3 0.6 +0,5 
'· .;;;·· 
'· 
... 
. , .. ·~ 
------- --·------·-------···-~----- --------------~-· ------. ,· 
APPEliDIX 
l'letabolio Ba.lenoes of NitrocenJ fhosphorueJ Fotassium, Sodiw::t, ChlorideJ and hater 
Subject llo 
Phosphorus (llilligrama) Potassium (tli11ioqui-falents) Sodiw:1 (llilliequivalents) Chloride (llilliequhalents) 
Inteke Urine Feoes Bo.lanoe Intake Uri no Feoes Sweat Balanoe Intake Urine Feoes Sweo.t Balance Intake Urine Feoes Sweat Balance 
1501 989 432 +100 95.8 61.8 10.8 8.0 +15 2 233.7 199 3 1 8 22.0 +10.6 246,5 203,2 1.8 18.0 +26.6 
1388 907 432 +29 82,2 70.7 10,8 ~4 -7.3 292 •. 6 234.4 1.8 22,0 -~r~ 299,4 229,3 -i4-- 18.0 +52,3 1203 979 432 -208 77,4 ~?~ ·1o.8 . ~.g -2.6 286,3 257~9 -'I.e -4:0 wo:2 243.0 -4':Q' -48.6 528 80 308 +41'1 99~! 69.0 9,6 8.0 +12.4 263,1 239~-0 i.o 22,0 +1.1 276.3 198.3 1.0 16,0 +61.0 
1419 1015 308 +96 93.2 71.6 9,6 8,0 +4.0 274.7 278,3 1.0 22.0 -26.6 272.8 282,0 1,0 16.0 -28.2 
1431 1003 308 +120 97.0 86.0 9,6 e.o -6.6 260.8 279,8 1.0 22.0 -42.2 266.0 291.1 1.0 18.0 -42.1 
1368 879 378 +109 88,3 63.4 5,7 4.0 +26.2 198.0 160,4 0,5 . 4.0 +31.2 210.0 164,1 0,4 4.0 +41.6 
1368 819 378 +171 82,2 
--
6.7 8,0 
--
292,6 
--
0,6 22.0 -- 299.4 -- 0.5 16.0 
1203 760 376 +65 77,4 61.4 5.7 s.o +2,3 201.6 209,2 0,6 zz.o -30,0 200.2 226,5 0.4 18.0 -42,7 
1601 874 519 +208 104.7 59.5 12.2 60.7 -27.7 602.6 94,2 1.6 569,6 -62.8 613.6 112.8 1.6 663,4 -64.2 
1413 892 519 +2 92,8 49.5 12.2 51,(1 -19.7 517.2 34,2 1.6 687.4 -206,0 515.4 63,6 1.6 686.4 -236,2 
1327 967 619 -159 B5.o 45.5 12.2 68.8 -40.5 600.4 63.1 1,6 652.6 -16.9 607.2 82.5 1.6 552,0 -29.0 
1418 908 602 -92 74.1 32.7 15.6 46.7 -20.7 477.0 108,8 1.9 402.3 -34.0 487.1 138,9 1.9 428.4 -62.1 
1344 794 602 -52 84,4 46.8 15.6 33.4 -11.2 375.2 385,3 1.9 261.6 -273.6 387.4 501.7 1.9 267.0 -383.2 
1389 1089 502 -302 88,9 36,3 15,5 54.3 -!7.1 470.6 234,2 1.9 493.4 -268.9 485.8 230.9 1.9 481.2 -228.2 
1303 707 602 -6 74.6 34.5 15.5 68,7 -34.0 683.0 293,6 1.9 528.0 -240.5 591.4 253.7 1.9 516.6 -~5~.8 
1194 1069 519 -394 81,0 48.2 12.2 49,2 -28,6 494.4 282.3 1.6 362.8 -152.6 516,1 287.6 1.6 481.0 -145,0 
1413 948 619 -364 74.2 36.5 12.2 51.5 -26.0 524.5 215.4 1,6 496.3 -188,8 530,5 246.7 1.6 359.2 -11.0 
1433 886 519 +28 95,4 33.3 12.2 63,6 -3.7 485.1 269,4 1.6 533.3 -319.2 495,5 278.9 1.6 525.8 -310.8 
1240 11~9 436 -335 79 9 47.7 8 9 42 3 -19 0 493.7 245 6 1 2 488.0 -241.1 483,5 258,2 1 2 459 5 -235 4 
88 832 436 -60 77 8 30 0 8 9 47 2 -63 483 1 157,0 1.2 622.4 -197.5 500,8 170.4 1.2 493.0 -163,8 
263 965 436 -.a 85 0 40 7 8 9 45.3 -10.0 485,9 254.2 1.2 512.6 -282.0 500.4 253,8 1.2 485,1 -239.7 
1 78 972 436 -230 76 3 4 8 9 ~3 5 -7 8 485,5 178,0 1.2 492.7 -186,4 495.2 177.4 1.2 449.8 -133.2 
1223 1180 440 ~97 80,2 36.4 14.,2 c 4.0 +Z6.6 212.6 325,6 2.9 4,0 -119,9 219,0 328,1 2.9 ~.o -116.0 
1387 780 440 +167 93.4 63.8 14.2 7,0 +18.4 187,5 294,2 2.9 ze.o -137,6 198.7 313.9 2.9 20,0 -138.1 
1350 862 440 +28 84.6 47.7 14.2 7,0 +15.7 187.6 204,4 2.9 28.0 -47.7 200.3 207,9 2,9 20,0 ~0.5 
1294 723 330 +241 81,7 64.9 12.0 7,0 +7,9 176.6 176,8 1.7 28.0 -29,9 195.3 192.0 1.7 20.0 -18.~ 
1193 583 330 +5oo 81,0 57.2 12.0 7.0 +4.8 215,9 128,0 1.7 28.0 +68,2 214.6 145.5 1,7 20.0 +47,4 
1360 928 330 +102 85,7 5e.e 12,0 7.0 -o.1 212.8 171.0 1,7 28,0 +12.1 223.0 66. ..,,UI + .... 
1 0 82 330 -41 65 8 57 5 12 0 7 0 -10,7 201.2 157.9 1.7 28.0 +13,6 204.1 170,2 1.7 20,0 + z. 
1300 927 330 +43 87.4 52.4 12.0 4.0 +19,0 185,3 149.4 1.7 4.0 +30,2 195.0 146.1 1,7 4.0 +43,2 
1317 591 330 +398 83,5 63.9 12.0 7.0 +10.6 160,7 169,6 1.7 28,0 -38,6 174.5 
--
1.7 zo.o 
wa tor (llillili tors) 
Ints.ke Urine Feces Sweat 
3049 1100 149 1907 
3462 1092 149 2011 
---u37 1615 Till 1593 
3210 1056 94 2227 
3314 1375 94 1833 
2636 1310 94 1832 
3197 960 79 1714 
3261 965 79 1965 
2700 970 79 2218 
11164 616 72 11131 
90 .so 7 8898 
12517 800 72 11161 
9972 891 138 8489 
6870 1995 . 138 6141 
10925 613 138 10223 
u•~ 88 ~•8 
11091 955 94 102 8 
11759 730 94 11006. 
10882 867 9~ 10287 
1080 818 11 1041 
11361 800 111 11161 
11326 860 111 10196 
1074~ 720 111 9666 
2689 2645 133 840 
30~3 1707 133 2237 
3081 1343 133 1785 
2318 1095 109 1707 
2768 900 109 1577 
«lOU lUtib 10. ~·6'/ 
Z6 1020 09 898 
-
1485 109 
2783 1135 109 1998 
Be.b.nce 
-107 
+200 
-420 
-188 
+12 
-600 
+444 
+252 
-565 
-665 
~78 
+684 
+655 
-1404 
-249 
-62 
-234 
-70 
-368 
-636 
-511 
+159 
+247 
-629 
-1034 
-180 
-595 
+202 
-Zl>l 
~54 
-459 
~ 
~ 
,(1 
·rl 
" 
i 
ij 
\ 
;i 
•' 
-~· 
1."" 
l·.J• 
I 
. ,,. 
t'\~ 
;~. 
,;Jj 
•.il; 
"'f• 
Period 
and 
Day 
6 
7 
8 
i'd 9 
' .. 10 I~ 11 12 
13 
14 
l 
2 
3 
4 
6 
':l 6 7 
.ll a 
9 
10 
ll 
12 
13 ; 14 
l 
2 
t· 3 4 ~ 5 
0 6 ~ 
"' 
7 
8 
9 
. '"':"'. 
Intake 
15.1 
15.7 
13.0 
16 6 
15.4 
17.9 
15,0 
16.9 
13.7 
19.0 
12.7 
15.7 
16,S 
15.1 
11.3 
10,8 
13,6 
10,8 
12.2 
l2.a 
13.4 
14.1 
l3.a 
16 4 
4 a 
2 a 
15,3 
15.2 
15,5 
4 6 
13.a 
11.1 
""""'· 
' ... :· ..,~ 
lli trogen. ( Gral411) 
Urine Feces Sweat Balance 
12.8 2.6 I o.6 -1.0 
11,7 2,6 0,6 -0,8 
11.6 2.6 0,6 -1 8 
9.5 3 6 0,6 +2,9 
12.4 3,6 0,6 -0,2 
12.6 3,6 0,6 +1.2 
11.4 1,5 0,6 +1,5 
10.7 1.5 0,6 +4,1 
9,a 1.6 0,6 +1,9 
9.2 1.3 7.1 +1.4 
9 2 l 3 5.4 -3.2 
12.0 1.3 5,9 -3,5 
8,5 1.6 l 5 +5,2 
15,0 1.6 3,7 -5,3 
7.2 1,6 5.1 -2,6 
6,1 1 6 6,0 -2 8 
6,9 1.9 5.1 -0,3 
7.2 1.9 5,1 -3 3 
7.3 1.9 4,5 -1.5 
7.9 3,2 4,0 -2.2 
7.8 3,2 5,2 -2.7 
8.6 3.2 4.0 -1.7 
10,3 3,2 4,2 -3,8 
114 5 2 0 6 + 1 
2 3 2 0.6 -0.3 
7.0 s 2 0 6 +2.0 
9,4 2.4 0.6 +2,9 
9,9 2.4 0.6 +2,4 
9.a 2.4 0,6 +2,8 
2 9 2 4 0 6 -1 2 
12.9 2,4 0.6 -2.2 
10,6 2.4 0.6 -2.5 
. i:'•::, '~ ., .. :."':·· 1\''"''-'1: ~r ... · ··:~~:- _r .!··· ~ .,. .1.-.--.. ···f ~i;·:.> ._ i1;·;· 'Y 
. ·, ':~ .. ·. ''••···r·· 
'lr.'' 
t "f<\- ~- "'':':.· 
.. : y: .. -
'. ·:;i~· 
\ 
Al'Hl!DIX 
t1etabolic Balances of Nitrogen, ..PhosPlorus, 1-otassium, Sodium., Chloride, and Water 
Subjoot lla 
Phosphorus (tlilli graz:ts) Potassium (tlilUequiTslents) SodiUJ:l (llilliequiva1onts) Chloride (hillioquivalents) Water (tlilliliters) 
Intake Urine Feces Balance Intake Urine Feces Sweat Ba.lanoe Inta.ke Urine Feoea Sweat Balance Intake Urine Feces Sweat Balance Intake Urine Feces Sweat Balance I 
1501 813 446 +242 95.8 69,6 15.4 7.2 ·~.6 233,7 186,1 1.1 20,0 +26,5 246,5 154,4 1.1 19,0 +72.0 3437 1035 97 2451 -146 .I 1289 966 446 -123 77.8 66,0 15,4 7,2 -10.8 270,6 197,6 l.l 20.0 +51.9 278,0 195,3 1.1 19,0 ~ ~~-71 1010 97 2102 +162 1151 900 446 -185 73,1 51,9 15,4 4.0 +1,8 270,2 184,9 1.1 4,0 "60,2 187,0 188,6 1.1 3,0 -5,9 2543 1060 97 1799 
-413 
1520 768 427 +325 88.2 58,7 15.8 7,2 +6.5 252.1 162,0 2,0 20,0 +68,1 265,3 164,1 2.0 19,0 ~ -{~i~ 835 H~ 1~··. +t>H 1403 1046 427• -70 88,0 65,5 1b,8 7.2 -0.5 273.9 22&,2 2.0 20.0 +26,7 271.9 241.5 2,0 19,0 +9,4 163-5 2014 -55 
1417 836 427 +154 91.9 57.1 15,8 7,2 +11,8 260.1 268.2 2.0 20.0 -30.1 265,3 263,9 2.0 19,0 -19,6 2867 1115 125 17 7 -1t>O I 
1486 964 16a +354 90,6 42.2 3.a -~.!9 _'!40.1__ ~2,_9 174.4 1.3 4.0 +53,2 245.6 196,0 1.3 3,0 +45,3 3192 1700 f11 l5a4 -20~ 
1353 711 168 +474 77,0 58.f s;s 7,2 +7,9 291,9 297,6 L3 2Cl,O -27 .o 29a.5 311.1 1.3 ~·0 -32.9 3585 1400 111 2016 .--_rg~ I 118S 627 ~~a~. +395 72.2 50.6 
-
s.a 7.2 +10,6 200,8 170.7 I# 20.~ --~ 199.3 .206,7 1~3 19.0 -27,a si5o 1055 11l 20a5 1586 
--
945 198 +443 99.5 . 42.8 8.5 -44.1 +4.2 544.6 81,0 1.5 n6.i -254,0 565:5 a9;7 1,5 ~t~ -55,2 9064 - s2i · 53 10010 -f5~~ 1242 941 -f98 +103 75,1 53,6 a.5 66,4 -52.4 537.1 33,1 1.5 636,3 -l33,a 536,1 69.6 1.5 -Ie4;s 10786 ·~~ 53 ~ ~ 1161 1051 198 -88 70.7 ' 45,0 8,5 64,3 -47.0 583.3 37,6 1.5 545,3 -1.1 591,4 65,2 1.5 565.7 -41.0 12359 53- 11277 +507 
1611 549 239 +724 99.9 I 29,5 a.4 31,8 +30,2 454.8 32.6 4,2 321.0 +97,0 462,5 59,0 4, IO<O.i> +tv.o "15'1< 0'13 ll4 574~ ' + 
1358 1063 239 +54 81,0 ' 46.3 8,4 37.4 -11.2 400,7 268.2 4,2 244.2 -115,9 411,4 437,0 4,2 254,5 -284,3 6462 1950 114 5385 -987 
1253 843 239 +171 73.4 28,8 8,4 58.7 -22,5 413.6 161,4 4.2 510.1 -262.1 464,0 173.0 4,2 49a.o -211.2 9543 <fou 1~ OU'I'l; ----~· 
1111 544 239 +328 71.2 19,5 8.4 56,7 -13.4 513,3 136,4 4.2 529.1 -158.4 501,9 170.l 4,2 s1 .a -lUO, 101' 4V' ll4 
996 876 280 -160 69,5 26,3 8,4 ss.a -19.0 4a0,6 163.6 4,0 474,6 -151,6 495,7 179,5 4.2 461.7 -149.7 10355 57 a n 10028 -325 
1063 970 280 -187 66,9 29.5 8.4 64,0 -25,0 471.3 181.5 4.0 531,0 -245.2 477.1 191.5 4.0 582.6 -501,0 10471 620 74 11050 -1273 
1~70 862 280 +228 aa.2 29.6 8.4 50,1 +0,1 46a,2 190.5 4.0 538.9 -245.2 495.2 194,3 4.0 512.6 -216,2 10460 629 74 10213 -456 
1295 1075 528 -308 77.1 52,5 17,3 45.1 -16.7 534,7 153.6 7.0 499,6 -125,5 546,3 171,9 4.0 469.5 -119,1 11320 591 141 1016 +42 
1287 982 528 -223 7a.9 30,6 17.3 54.7 -23.7 494,4 150.7 7.0 554,3 -217.6 513,9 168,2 7.0 545,5 -323,7 11114 560 U1 10790 ~ 
1275 909 528 -164 82.2 29.7 17.3 41,6 -8,3 538.9 168.0 7.0 449,2 -77,3 522,5 174.6 7.0 447.0 -106.1 ~= 630 141 10257 -94 1203 994 528 -319 75.1 34.1 17,3 49.5 -25.7 537.5 198.6 7.0 474,4 -142.5 650.0 217.8 7.0 463,0 -1~7.8 1079 141 9955 +552 
12a9 1045 456 -212 79 9 34 4 14.3 4.0 +27.2 230,6 258,4 3,9 4,0 -35,7 232,6 307,2 5.9 3,0 -81.5 3535 3265 132 489 -351 
1517 ll<2 466 +49 97 49 9 4 3 7 2 +25 7 21S 3 311 9 3,9 26 0 -123,5 219.9 3~6.6 3,9 25.0 -145,6 4393 2677 132 2538 -964 
306 129 456 +121 78,5 23,0 14,3 7.2 +54,0 179.6 207,3 3,9 
-
26,0 -57.6 292.3 226.3 3,9 26.0 -62,9 3654 1707 132 2289 -464 
1394 975 456 +37 84.1 53,8 13,0 7.2 +10.1 184.8 202,8 1.5 26,0 -45,5 206,4 216.5 1.5 25,0 -36,6 3010 1770 95 1758 -613 
1428 618 396 +414 92.7 29,3 13,0 7.2 +43.2 237.5 56,7 1,5 26,0 +153.3 251,7 68.1 1.5 25,0 +157.1 2634 520 95 1668 +351 
1367 a 57 396 +114 82.3 37.8 13 0 7,2 +24.3 ?.15.8 127.1 1.5 26,0 +62,2 217.2 147.3 1.5 25,0 +43.4 3036 1230 96 1996 -285 
1204 712 396 +96 74.8 61.3 l~.o 7.2 -6,7 211,0 239.5 1.5 26,0 -66,0 217,3 244.0 1.5 26,0 -53,2 2693 1649 95 1766 -817 
1415 1067 396 -48 81,9 56.5 13,0 4,0 +9;4 202, 100.6 1.5 4.0 +96.1 207.7 135.8 1.5 3.0 +67.4 4097 la6B 95 2162 +la 
1233 645 396 +192 73,a 70,2 13.0 7.2 -16,6 165,2 133,4 1.5 26.0 +4.3 177.4 154,0 1.5 25.0 -3,1 2779 1110 95 2246 -674 
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ABSTRACT 
'Vilhan an individual is abruptly exposed to heat. he can werk only 
with great difficulty. Tasks which ordinarily are performed with ea.B~ are 
frequently impossible to complete due to dangerously high body tempera-
ture and cardiovascular inadequacy. Within several days. a. given task can· 
be performed with little discomfort. This improved ability to work in the 
heat is commonly termed "acclimatization to heat" 6 and is accompanied by 
several well-defined physiological adaptations - the so-called "indicestt 
of heat acclimatization. These are: (a) lower skin and rectal tempera-
tures during work; (b) lower heart rate during work; (c) increased cardio-
vascular stability with changing posture; (d) increased sweat rate during 
work, and (e) decreas~d meta.balic cost for a given task, (i.e., greater 
efficiency). The process of acclimatization to heat can be considered as 
a physiological entity possessing the following oharacteristics: (a) It 
occ~rs rapidly (4-7 days); (b) it can be induced by short, intermittent 
exposures; (c) it is Emb.anced by exercise and good physical condition; 
(d) it is retarded by inadequate salt and water intakes; (e) it is largely 
retained during periods of up to four weeks of no heat stress; (f) acclima-
tization to a given heat load confers complete acclimatization to lesser 
loads and partial acclimatization to higher ones. 
Although the more dr~tic signs of heat adaptation are well known. 
their interrelationships and underlying mechanisms are obscure. Little is 
known about changes in body fluid distribution, concentration of sweat 
solutes (other than sodium and chloride), renal function or indices of 
adrenocortical activity that may accompany acclimatization to heat. The 
XX: I 
present study was undertaken with three questions in mind: (1) 'What 
changes in body water distribution# if any, accompany heat acclimatization? 
(2) What are the mechanisms underlying any observed fluid shifts? and 
(3) Do changes in indices of adrenocortical activity occur during accli-
matization? 
1'he following getneral experimental design was usedt Five heal thy 
young soldiers were acclimatized to heat by living continuously for 14 days 
in a constant temperature chamber maintained at 120°F. (R.H. 28%) for twelve 
daytime hours and at .lQOOF. for twelve night hours. They walked two hours 
.'daily at four miles per hour. The heat period was preceded by three weeks 
of control at 76°F., during·which physical conditioning occurred and base~ 
line physiological measurements were made. After the heat period the men 
were studied during two weeks o:f "recovery" at 76°F. 
Total body water, nextracellular ·:rluidtt, and plasma volumes were 
determined :from the volumes of distribution of antipyrine, t~iocyanate# 
~d Evans Blue pye# T-1824, respectively. Adrenocortical aeti~ty was 
assessed by measurement of •irculating eosinophile, daily 1 '7-ketesteroid· 
excretion, and the ratio·:of sodium to potassium in the sw•at and urine. 
Du'ing the heat period., sweat was e.n8.l.yzed three times daily for aeditnn., 
chloride, potassium., nitrogen and creatinilae. Starting with the last 
nine days of the control period and extending to the end ef the recovery 
period, daily metabolic balances were measured for nitrogen, phosphorus,· 
potassium, sodium, chleride, and water. These balances were calcUlated 
from direct ohentical analyses of food., sweat, urine, and feces. During 
the heat period the men dreJ:ilk 0.2% saline. They drank~ least enough 
XXII 
to replace gwea~ lesses, as deter.mined by dailyweighings. The purpose 
ef this was to prevent progressiTe dehydration and salt deficiency. 
Heart rate. f'eotal telllperature, and sweat rate during exercise were 
measured as indices of heat aco~im.atization. 
This experimental design has the fQllowing advantages; (a) It 
minimizes the effect of dehydration and salt deficiency as contributory 
factor~ per se,to the results obtained; (b) it ensures a seve~e 24-hour 
heat stress, with controlled diet and activity; (e) the measurement of 
indices of acclimatization makes it unnecessary to assume that the process 
has occurred. thus permitting readier interpretation of results in terms 
of the acclimatization process; (d) the measurement of nitrogen and 
electrolyte balances penni ts closer interpretation of any fluid shifts 
in the body; &rid (e) it also allows better dissection of the relative 
roles of ~eat and renal adaptations in the acclimatization process. 
Under the conditions of this study. it was found that: 
(1) Successful acclimatization to heat was attained within the 
first week. as indicated by progressively smaller increases 
in pulse rates and rectal temperatures .. and by increased sweat 
rates during the standard work period. 
(2) The sweat glands excreted progressively more water relative to 
all solutes measured during ihe first week, with little change 
thereafter. 
(3) There was en "isotonic11 expansion of the nextracellular11 fluid 
h all subjects. This was accomplished by renal retention, 
during the first four days, of sodium and Chloride in excess 
:XXIII 
o£ that required to compensate £or sweat losses o£ these 
electrolytes. The average increase in extracellular £luid vol-
ume above controls was 16% on the £i£tb. heat da.y, and 15% by 
'the last (fourteenth) day in the heat. 
(4) Plasma volumes increased to a proportionately greater extent 
on the £i£th day -than did "extracellulU," £luid volume; this 
was accompanied by an increase in total circulating protein. 
However, by the last day in the h~at, the plasma velumes had 
dropped so that the average percent increase above controls di£-
£ered little .from that o£ the EOF. This was accompanied by a 
drop in total circulating protein to control levels. 
(5) Total body water and "intracellularu water showed no consistent 
changes. 
(6) . Nitrogen, phosphorus, and potassium balances were negative 
during the heat period and positive during recovery. Potassiwn 
left intact cells in excess o£ that made available from tissue 
breakdown during the heat p·ariod. During recovery, potassium 
XX:!V 
returned to cells in excess o£ that required for protein anabolism. 
(7) Circlllating eosinophil and total leukocyte counts did no't di££er 
£ram controls during the heat period. Urinary 17-ketosteroids 
were lower during i:ha control period than during heat exposure. 
The following hypo-thesis was proposed to account for the expanded 
extracellular £luid volumes observed. 'When men are abruptly exposed to 
heat, there occurs a marked increase in the size of the vascular bed 
' 
(due to peripheral vasodilatation) with no initial corresponding increase 
in blood valume. As a result. there is an acute redistribution o£ body 
flu.id.s. away :from the cephalad region. In addition, the sweating process 
results initially in a reduced interstitial fluid volume. When work is 
perfonn.ed, the vascular bed is further enlarged by dilatation of muscle 
vessels, and the redistribution of fluids becomes even more ma.rked. This 
stimulates "volume receptors" to cause re~l retention of salt andjor 
water. As a result, the EOF (including plasma. volume) is expanded. Con-
sequently, there is a reduced dislocation of body fluids during both rest 
and exercise. llhen the ECF and blood volume ha-ve expanded to a point at 
'Which "normal n fluid distribution is again attained, this stimulus to 
excess sodium retention is removed, and the kidneys excrete sodium and 
chloride in greater amounts, conserving only eDough to maintain salt bal= 
ance in the face e:f' continued sweat losses. Maintenance of the expanded 
EOF is now achieved by the integration of -volume receptor activi~with 
the balance of forces which nonn.ally act to maintain salt and water balance• 
EvideE.ce for the existence of "volume receptersn was dispussed in de'ts;il. 
It is concluded that the major physiologic adaptations resulting in 
an improved ability to work during the early days of acclimatization to 
heat are probably cardio-vasctU.ar in nature. The kidney has an impcrtan.t 
role in. these adaptations. This organ 1teonserves11 soditnn and chlcride 
in excess of amounts required to compensate for sweat losses, wi. th the' 
result that plasma and interstitial fluid volumes are uisotonically" 
expanded. Increased activity of the pituitary-adrenal system was not 
a_prepotent factor in the adaptations observed in this study. 
From the results o:f the present study,. it is proposed that a reason-
able explanation of' i;he marked improvement in ability to work in the heat 
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is as follews. <m the first heat day the vascular bed was Diarkedly en-
larged as a result of cutaneous vasodilatation; this was probably unac-
companied by an increase in blood wlwne. With exercise, the increased 
demands £or muscle blood flow resulted in further discrepancy between the 
size of the vascular bed and the blood volume. As a result, work in the 
heat was accompanied by early signs o£ pe~ipheral vascular collapse; e.g., 
very rapid pulse, dizziness, and probably decreased cardiae output. Xhe 
increased muscle blood £low diverted blood £rom the periphery, and heat 
transfer from the cere to the skin was impaired, with a consequent high core 
temperature during exercise. As blood and interstitial volumes expanded, 
cardiovascular responses improved, and a lower core temperature was at-
tained ·as a resal t o£ inorea:sed rate of heat transport to the skin. This 
was evidenced by the decreased pulse rates and rectal temperatures ob-
served. .After "maximal tt expansion o£ the extracellular fluid had oocu.rre9,, 
no appreciabl_e further improvement in performance took place. An. impart-
ant mechanism in this sequence o£ events was a renal retention o£ sodiwn 
and chloride, during the first four days, in excess o£ that required ts 
suppart sweat losses o£ salt. 
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